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Executive Summary

This report presents an Engineering Evaluation and Cost Analysis (EE/CA) for a non-time-critical removal action
(NTCRA) to address per- and polyfluoroalkyl substances (PFAS) in the on-base potable water system and off-base
private drinking water within and near Naval Auxiliary Landing Field (NALF) Fentress, in Chesapeake, Virginia.

During the Basewide PFAS Site Inspection (Sl), completed between 2015 and 2018, exceedances of the United
States Environmental Protection Agency Lifetime Health Advisory of 70 nanograms per liter (ng/L) for total
perfluorooctanoic acid (PFOA) and/or perfluorooctane sulfonate (PFOS) were identified in groundwater at NALF
Fentress and in the on-base potable water system at the base. Base employees were supplied with bottled water
to address the exceedances, and the on-base potable water system was later modified to include Granular
Activated Carbon (GAC) to address PFOA and PFOS concentrations. 62 off-base private drinking water wells
located within a 0.5-mile radius of identified exceedances of the Lifetime Health Advisory were also sampled for
the presence of PFAS. Of the 62 off-base private drinking water wells sampled, 7 wells, located on 6 properties,
had detections of total PFOA and/or PFOS at concentrations above the Lifetime Health Advisory and property
owners were supplied with bottled water for drinking and cooking as an emergency response action. In
conjunction with supplying bottled water, Point of Entry GAC Pilot Systems were also installed at the seven
contaminated wells as part of a pilot study, for effectiveness evaluation.

This EE/CA evaluates alternatives to address only current exposure potential to drinking water on-base and at off-
base properties contaminated with PFOA and/or PFOS at levels greater than the Lifetime Health Advisory.
Alternatives presented are intended to provide base workers and property owners with a long-term drinking
water solution.

The EE/CA identifies the objective of the NTCRA, identifies removal action alternatives to achieve that objective,
and evaluates the effectiveness, implementability, and cost of those alternatives. The following is the removal
action objective (RAO):

e Protect current human health receptors from ingestion of PFOA and/or PFOS at levels above the Lifetime
Health Advisory in groundwater used as drinking water.

In order to meet the RAQ, the preliminary remediation goal is to reduce receptor exposure to PFOA and/or PFOS
to a cumulative concentration of less than the Lifetime Health Advisory of 70 ng/L through treatment or provision
of an alternative water supply.

The following removal action alternatives were identified:

1. No Further Action: No further action would be conducted; the site would remain “as is.” Thus, bottled water
would continue to be provided to off-base drinking water receptors whose drinking water has tested above
the Lifetime Health Advisory, and the pilot GAC systems currently installed at each off-base property would be
taken off-line. The GAC system would continue to be operated at the on-base potable water treatment
system.

2. Point of Entry Treatment: This action alternative would address PFOA and PFOS impacts at the on-base
potable water treatment system before the finished potable water supply is stored for distribution to the
base. This alternative would also address PFOA and/or PFOS at each individual private property with drinking
water contaminant concentrations greater than the Lifetime Health Advisory before the potable water supply
enters the distribution piping for the house. The following three treatment technologies are being considered
under this alternative:

a. GAC Treatment — This action would include the installation and/or continued maintenance of GAC vessels,
implemented in series, for PFOA and/or PFOS removal. For the on-base system, this alternative would be
the same as the No Further Action Alternative because the on-base GAC system is already fully functional.
For the off-base systems, the GAC vessels would be implemented in coordination with the pilot study,
where possible.
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b. lon Exchange (IX) Treatment — Installation of IX vessels for PFOA and/or PFOS removal. The on-base
treatment system would include four IX vessels operated in series, while the off-base drinking water
systems would include two IX vessels, operated in series.

c. Reverse Osmosis (RO) Treatment — Installation of RO membranes for PFOA and/or PFOS removal. The on-
base treatment system would include four treatment trains, each with two RO membranes in series,
implemented in parallel, while off-base drinking water systems would include two RO membranes
implemented in series.

3. Connection to City Water: This action alternative would address PFOA and/or PFOS impacts by providing the
base, and each private property with concentrations greater than the Lifetime Health Advisory, access to City
water by extending the City water main to north of NALF Fentress base. Service lines from the water main
would be installed to each of the privately owned buildings with drinking water concentrations greater than
the Lifetime Health Advisory and to the on-base potable water distribution system.

Alternative 1 does not meet the objective of the removal action for the off-base homes because without
continued operation of the pilot GAC systems, PFAS contaminated water used for non-potable purposes may be
ingested and PFAS would continue to be re-released into groundwater through septic systems. The National
Contingency Plan (NCP) indicates that to the extent practicable, removal actions should contribute to the effective
performance of any future remedial action, assuming one is necessary. If a removal action is determined to be
necessary for the off-base groundwater in the future, Alternative 1 would not contribute to its effective
performance; and therefore, would not meet the requirement of the NCP. Alternative 3 is considered the most
effective because it eliminates contaminated groundwater as the source of drinking water at the site. Alternatives
2a through 2c are comparable in effectiveness, but effectiveness is less permanent then under Alternative 3, since
Alternatives 2a through 2c rely on continued media change out.

Alternatives 1 and 2a are easy to implement because the systems are already in place. Alternative 2b is moderate
to implement because it requires some updates to the existing systems, and Alternative 2c is moderately difficult
to implement because it requires large updates to the existing systems. Alternative 3 is moderately difficult to
implement because it requires earth-moving equipment, access to rights-of-way, and coordination with the City of
Chesapeake. However, Alternative 3 does not require any post-removal site controls (PRSCs), whereas
Alternatives 1 and 2a through 2c have long-term implementation considerations.

Alternatives 1 and 2b are the least expensive alternatives, and Alternative 2c is the most expensive alternative.
Alternative 3 has moderate costs that are higher than Alternatives 1 and 2b, comparable to Alternative 2a, and
lower costs than Alternative 2c. Additionally, Alternative 3 does not have any costs associated with long term
PRSCs, whereas Alternatives 1 and 2a through 2c have PRSC costs over 30 years.

Based on the evaluation of the trade-offs among the alternatives, the recommended removal action alternative is
Alternative 3, Connection to City water.

In accordance with the National Oil and Hazardous Substance Pollution Contingency Plan, this EE/CA will be
placed in the Administrative Record and the NALF local Administrative Record document repository, and a notice
of its availability for public review, along with a summary of the EE/CA, will be published in the local newspaper.
The EE/CA subsequently will be available for review during a 30-day public comment period. A public information
session will be held if sufficient interest is expressed by the public, and will take place during or immediately
following the public comment period.

Following the public comment period, if comments are received, a Responsiveness Summary documenting the
Department of the Navy’s responses to significant comments will be prepared and included in an Action
Memorandum, which also will be placed in the Administrative Record.

iv AX0622180728VBO



Contents

EXECULIVE SUMMAIY ..ccuuiiiieiiiiiiieiiiitneieiirneesienesiestenssssssenssssssssssessensssssssnsssssssnssssssnsssssssnssssssnnsssssensssssssnsssssssnssssaes iii
Acronyms and AbDBreviations........cccccveiiiiiiiiiiiiiiiiiiiieeeestsesssassssstssssssssssssssssssassssssssssssnannssns vii
1 3T 0T 1T 4 o T 1-1
1.1 REgUIATOrY BACKGIOUNG ......uviiiieeeee ettt e et ree e e e e e e e b e aeeeeeeeenassrasaeaeeeesnnnnnns 1-1

1.2 PUIPOSE aNA ODJECHIVES .....uviviieeeeee ettt ettt e e eee e e e e e e e esetabaeeeeseeesabrabeeeeeeeesssssssaeaeesesnnssens 1-2

2 Site Characterization ..........ccciiiiieeeeeiieciiiireeeeeseeesrrreeennesseeeseerennnssssssssseresnnssssssssseeesnnnssssssssnneennnnnsnsssnns 2-1
2.1 Site Background — NALF FENTIESS ..eccccuiieiiiiiieeciiieeeeciteee e st ees e e e estaeeessatreeesasaeesssbeeessnsseeesnnnseeaan 2-1

2.2 Summary of Previous INVESTIZAtioNS ........ccuiiiiiiiiie et e e e e s sar e e e eraaeeean 2-1

2.2.1  PFAS Site INSPECLION ittt e ettt eee e s e e e e e e e et e e e s e e eeeaaabaaaeeseeeaenenes 2-1

2.2.2  Emergency ReSPONSE ACTION ...ccoiiiiiiiiiiii ittt e e e e s e e e e e tabae e e e s e e eeaaanen 2-2

2.2.3 Granular Activated Carbon Installation — On-base Water Treatment System................... 2-3

2.2.4  Point of Entry Granular Activated Carbon Pilot Test — Off-base Properties.........cccccuuuu..... 2-4

2.3 CoNCEPTUAI SITE IMOUE ..ceeieeieeeee et e e e e e e eeestbr e e e e e e e e s abaaeeeeeseesarsraaeeeeennnnes 2-5

0 75 R C = To ] Fo -4V PSP 2-5

B T A & YT [ e ==Y [} 4V PSPPSR 2-5

2.3.3  Affected Media — ON-Das.....cccccuiiiiiiiiie ettt st e s ssree e e s sbae e s ssnraeeesnee 2-6

2.3.4  Affected Media — Off-DASE ..uuiiiiciiiiiiciiiee e s e e 2-6

2.3.5 Nature and Extent of Contamination ........cccccevvciiiiiiiiesiciiee e 2-7

24 Risk ASSESSMENT SUMIMAIY ....viiiiiiii it e et e e e e e e ecre e e e e e s e st e e e e e e e sesansstaeeeeeeesanssannneeessesnns 2-7

2.5 Development for CleanuUP GOal ........eiicuviiieeciiie ettt e e e e e e et e e e e bae e e e nbaee e ennes 2-8

2.6 Determination of REMOVAl ACLION Al€a ...cieii ittt e e e e e e e e e e e e eennnnes 2-8

3 Identification Of ObJECHIVES ......cciiiiiiiiiiiiiiiirrrc s s e e ssas s s s s s s s s s ssassssssssssssnnansssns 3-1
3.1 Statutory Limits 0n ReMOVal ACHIONS......ccuiiiiiiiie et st e e e saraeeeas 3-1

3.2 Removal Action ObjJectiVe aNd SCOPE .....uuviiii ittt e e e e eesrre e e e e e e e e enbraeeeeeeeennnns 3-1

3.2.1  RemoVval ACtioN ODJECHIVE ..oviiiieiiiieeee ettt e e et e e e e e e r e e e e e e e e annreeeeeaeeas 3-1

2 N (=T VoLV =Y I Vot o] g Y ol o o USSR 3-1

3.3 Determination of ReEmMoval SChEAUIE.........cccuuiiiieee e e 3-2

3.4 Applicable or Relevant and Appropriate REQUIrEMENTS.......cceeeeeiiiiieie e 3-3

3.5 General Disposal REQUIFEMENTS .....cciiiiieiciiiieeec et e e s e e st e e e e e s e et ae e e e e e s sennnnenneeeeeeas 3-3

3.6 City of Chesapeake CoNSIAEIatioNS .......cccuiiiiciiii ettt etee e e et e e e ebee e e searaee e enteeaeeaes 3-4

4 Description and Evaluation of Removal Action AIternatives .........cccccvvuuiiiiiniininnniniiiniiieeee. 4-1
4.1 Description of Removal ACtion ALEIrNAtIVES...........ueiieiiiieecceee e e e e 4-1

4.1.1  Alternative 1: NO FUIther ACLION ......uviiiiei it e e e e 4-1

4.1.2 Alternative 2a: Point of Entry Treatment — Granular Activation Carbon ...........ccccueenn..e. 4-2

4.1.3 Alternative 2b: Point of Entry Treatment — lon EXchange........cccoccvveeeeiieecccieee e, 4-4

4.1.4 Alternative 2c: Point of Entry Treatment — Reverse OSMOSIS .......ccceeeeevieeeeciieeeeciveeeeenenen. 4-6

4.1.5 Alternative 3: Connection t0 City Water ......cc.ceevciiiiiiiiiie et e e 4-9

4.2 EValuation Of ALEINATIVES.....c.uiiiiccieie e et e et e e e e sbte e e e e bae e e eeabaeeesanraeeeennes 4-11

L R V=Y [V F= Y 4[] o N @ 1 =T o - TSR 4-11

Ly A = i {=Yot 41771 (Y] 4-11

e T [ o o1 1T o Y=Y g N = o111 4V S 4-12

B2 4  COSES coiiiiiiiiiiiie e e e e e e e s e s e s e s naas 4-12

4.2.5 Sustainability CONSIAEratioNns .......ccoccciriiiiiiiiiiiieeee e eeerrrre e e e e e e esarereeeeeeesnannes 4-13

4.2.6  Evaluation of AILEINAtiVES ..cccceeiiiiiiiie e e s e e e e e e 4-13

AX0622180728VBO v



ENGINEERING EVALUATION AND COST ANALYSIS FOR DRINKING WATER
NAVAL AUXILIARY LANDING FIELD FENTRESS, CHESAPEAKE, VIRGINIA

5 Comparative Analysis of Removal Action Alternatives ......ccccccccoviiiieeneiiiiinninneennennne.
5.1 Eff @ IVENESS cteee it raee s
5.2 TaaY o1 =T 0 g =T a1 =1 o 11 L1 Y 20 UUUR
5.3 {1011 PO PO URPPPPPPPRPRPPPOt
5.4 SUSEAINADIITY . ceeiiieee et

6 Recommended Removal Action Alternative ......cccccceeiiiiiiieeinniiiiiniinennnnnieesne.

7 REFEIENCES ..cuuuueririiiieiriniieiissiisssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss

Appendixes

A ARARs

B SiteWise Evaluation

c Cost Estimate

Tables

2-1 On-base Potable Water Data

2-2 GAC Pilot Study Data

2-3 Pre-pilot Study Water Geochemistry Data

3-1 Removal Alternatives Screening

4-1 Evaluation of Removal Action Alternatives

5-1 Removal Action Alternative Comparison

Figures

2-1 Installation Location Map

2-2 Potential PFAS Source Areas and On-base Potable Water Treatment System

2-3 On-base Potable Water Treatment System Layout

2-4 Privately Owned Point of Entry Granular Activated Carbon Treatment System

4-1 On-base Potable Water Treatment lon Exchange Treatment System

4-2 Privately Owned Drinking Water lon Exchange Treatment System

4-3 On-base Potable Water Treatment Reverse Osmosis Treatment System

4-4 Privately Owned Drinking Water Reverse Osmosis Treatment System

4-5 City Water System Layout

Vi

AX0622180728VBO



Acronyms and Abbreviations

APTIM
ARARs

bgs

CaCOs
CERCLA
CFR

EE/CA

F600
ft/min
ft/yr

GAC
GHG
gpd

gpm

IX

mg/L

NALF
Navy
NCP
ng/L
NTCRA

o&M

PFAS
PFBS
PFHpA
PFHXA
PFHXS
PFNA
PFOA
PFOS
PHA
PIL
PMio
POE
PRG
PRSC

RAO
RO
RSL

SARA
SDWA
S|

AX0622180728VBO

APTIM Government Solutions, LLC
applicable or relevant and appropriate requirements

below ground surface

calcium carbonate

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations
Engineering Evaluation/Cost Analysis

Calgon FILTRASORB 600
feet per minute
feet per year

granular activated carbon
greenhouse gas

gallons per day

gallons per minute

ion exchange
milligrams per liter

Naval Auxiliary Landing Field

Department of the Navy

National Oil and Hazardous Substance Pollution Contingency Plan
nanograms per liter

non-time-critical removal action

operations and maintenance

per- and polyfluoroalkyl substances
perfluorobutane sulfonic acid
perfluoroheptanoic acid
perfluorohexanoic acid
perfluorohexane sulfonic acid
perfluorononanoic acid
perfluorooctanoic acid
perfluorooctane sulfonate
provisional health advisory

project indicator limit

particulate matter 10 micrometers or less in diameter
point of entry

preliminary remediation goal
post-removal site control

removal action objective
reverse osmosis
regional screening level

Superfund Amendments and Reauthorization Act
Safe Drinking Water Act
site inspection

Vii



ENGINEERING EVALUATION AND COST ANALYSIS FOR DRINKING WATER
NAVAL AUXILIARY LANDING FIELD FENTRESS, CHESAPEAKE, VIRGINIA

TDS total dissolved solids

TOC total organic carbon

TSS total suspended solids

UCMR3 Third Unregulated Contaminant Monitoring Rule
UFC Unified Facilities Criteria

USEPA United States Environmental Protection Agency
uv ultraviolet

VDEQ Virginia Department of Environmental Quality
VDH Virginia Department of Health

WTP water treatment plant

yd? cubic yard(s)

viii

AX0622180728VBO



SECTION 1

Introduction

This report presents an Engineering Evaluation and Cost Analysis (EE/CA) for a non-time-critical removal action
(NTCRA) to address per- and polyfluoroalkyl substances (PFAS) in the on-base potable water system and off-base
private drinking water within and near Naval Auxiliary Landing Field (NALF) Fentress, in Chesapeake, Virginia. This
EE/CA has been prepared under the Naval Facilities Engineering Command Mid-Atlantic Comprehensive Long-
Term Environmental Action Navy Contract Number N62470-16-D-9000, Contract Task Order WEO1.

In 2015, the finished water from the NALF Fentress on-base water treatment system was sampled after the
Department of the Navy (Navy) issued a policy in October 2014, requiring on-base drinking water sampling for
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) for bases where groundwater was used as
drinking water, and where PFAS could have been released near the drinking water wells. Finished water analysis
from samples collected in December 2015 and May 2016 indicated the presence of PFOS and/or PFOA at
concentrations above the United States Environmental Protection Agency (USEPA) Lifetime Health Advisory of 70
nanograms per liter (ng/L). Based on the exceedances, on-base personnel were provided bottled water until
additional treatment could be provided to address the PFOS and/or PFOA in the finished water. In 2017 the on-
base drinking water system was upgraded to include granular activated carbon (GAC) treatment as part of the
treatment train to address PFOA and/or PFOS impacts. Since implementation of the GAC system, finished water
from the on-base system has been below the Lifetime Health Advisory, and bottled water service is no longer
required for on-base personnel.

The investigation activities for the off-base private drinking water wells were conducted following identification of
the Lifetime Health Advisory exceedances on base as part of the Basewide Per- and Polyfluoroalkyl Substances
Site Inspection (Sl), which was completed between 2015 and 2018. As part of the Sl, 62 off-base private drinking
water wells located within a 0.5-mile radius of identified on-base exceedances of the Lifetime Health Advisory
were sampled for total PFOA and/or PFOS. Of the 62 off-base private drinking water wells sampled between 2016
and 2018, 7 wells, located on 6 properties, had detections of total PFOA and/or PFOS at concentrations above the
Lifetime Health Advisory. Residents and property owners with exceedances of the Lifetime Health Advisory were
supplied with bottled water as part of an emergency response action in 2016. Pilot tests were initiated in 2017 to
test GAC systems at the 7 impacted wells on 6 properties, but the bottled water provision has continued during
testing of the pilot systems.

This EE/CA will evaluate alternatives to provide long-term options to protect current human health receptors from
ingestion of groundwater used as drinking water at the on-base water treatment system and off-base properties
contaminated with PFOA and/or PFOS at levels greater than the Lifetime Health Advisory only. Potential risks
associated with future use of contaminated groundwater and potential exposure of ecological receptors to PFAS
contaminants will be evaluated, as appropriate, as part of a separate installation-wide investigation currently in
the expanded Sl stage.

The following information is presented within this EE/CA:

e Site description

e Identification of removal action objective (RAO)

e Description of the removal action elements

e Identification of the removal action alternatives and technologies
e Recommendation of a preferred removal alternative

e Schedule for the selected removal alternative

1.1 Regulatory Background

This document is issued by the Navy, the lead agency responsible for environmental remediation at NALF
Fentress, in partnership with USEPA Region 3 and the Virginia Department of Environmental Quality (VDEQ),

AX0622180728VBO 1-1
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under Section 104 of the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
the Superfund Amendments and Reauthorization Act (SARA) of 1986.

Section 104 of CERCLA and SARA allows an authorized agency to provide for removal action and to remove, or
arrange for removal of, hazardous substances, pollutants, or contaminants at any time, or to take any other
response measures consistent with the National Oil and Hazardous Substance Pollution Contingency Plan (NCP),
as deemed necessary to protect public health or welfare and the environment.

The NCP, Title 40 of the Code of Federal Regulations (CFR), Section 300, provides regulations for implementing
CERCLA and SARA and regulations specific to removal actions. The NCP defines a removal action as follows:

[The] cleanup or removal of released hazardous substances from the environment, such actions as
may be necessary to monitor, assess, and evaluate the threat of release of hazardous substances;
the disposal of removed material; or the taking of such other actions as may be necessary to
prevent, minimize, or mitigate damage to the public health or welfare or to the environment, which
may otherwise result from a release or threat of release.

A removal action is being considered for the on-base water treatment plant (WTP) and the off-base private
drinking water wells, to protect current human health receptors from ingestion of groundwater used as drinking
water at the on-base water treatment system and off-base properties contaminated with PFOA and/or PFOS at
levels greater than the Lifetime Health Advisory. Under 40 CFR Section 300.415, the lead agency (Navy, in this
case) is required to conduct an EE/CA when a removal action is planned for a site and a planning period of at least
6 months exists. The purpose of an EE/CA is to identify the objectives of the removal action, identify removal
action alternatives to achieve those objectives, and evaluate the effectiveness, implementability, and cost of
those alternatives. An EE/CA documents the removal action alternatives and selection process. Where the extent
of the contamination is well defined and limited in extent, removal actions also allow for the expedited cleanup of
sites in comparison to the remedial action process under CERCLA.

Community involvement requirements for removal actions include preparing an EE/CA and making it available for
public review and comment for a period of 30-days. An announcement of the public review and comment period
is required to be announced in a local newspaper. Written responses to significant comments are summarized in a
Responsiveness Summary that is included in an Action Memorandum, which is placed in the Administrative
Record file.

1.2 Purpose and Objectives

Submittal of this document fulfills the requirements for NTCRAs defined by CERCLA, SARA, and the NCP. This
EE/CA has been prepared in accordance with USEPA’s guidance document, Guidance on Conducting Non-Time
Critical Removal Actions Under CERCLA (USEPA, 1993). The following are purposes of this EE/CA:

e Satisfy environmental review and public information requirements for removal actions
e Satisfy Administrative Record requirements for documenting the removal action selection
e Provide a framework for evaluating and selecting removal action alternative technologies

The goals of the EE/CA are to identify the objectives of the removal action, identify removal action alternatives to
achieve those objectives, and evaluate the effectiveness, implementability, and cost of those alternatives.

The objective of the removal action alternatives evaluated in this EE/CA is to identify and recommend measures
to protect current human health receptors from ingestion of groundwater used as drinking water at the on-base
water treatment system and off-base properties contaminated with PFOA and/or PFOS at levels greater than the
Lifetime Health Advisory. Potential risks associated with future use of contaminated groundwater and potential
exposure of ecological receptors to PFAS contaminants will be evaluated, as appropriate, as part of a separate
installation-wide investigation currently in the expanded Sl stage.

1-2 AX0622180728VBO



SECTION 1—INTRODUCTION

This EE/CA compares five removal action alternatives based on their effectiveness, implementability, and cost.
The following alternatives were evaluated:

e Alternative 1—No Further Action; continued provision of bottled water for offsite drinking water receptors,
discontinue current off-base GAC pilot systems, and operation of the on-base GAC system

e Alternative 2a—Point of Entry Treatment — Granular Activated Carbon Treatment
e Alternative 2b—Point of Entry Treatment — lon Exchange Treatment
e Alternative 2c—Point of Entry Treatment — Reverse Osmosis Treatment

e Alternative 3—Connection to City Water

AX0622180728VBO 1-3



SECTION 2

Site Characterization
2.1 Site Background —NALF Fentress

NALF Fentress (Figure 2-1) is located in Chesapeake, Virginia, and is a noncontiguous property under the
command of Naval Air Station Oceana. Established in 1943, the installation encompasses just over 2,500 acres and
approximately 8,700 acres in restrictive easements. The facility primarily is used by squadrons stationed at Naval
Air Station Oceana or Naval Station Norfolk Chambers Field for field carrier landing practice operations. Neither
storage nor maintenance of aircraft is routinely performed at NALF Fentress.

2.2 Summary of Previous Investigations
2.2.1 PFASSite Inspection

Environmental investigations completed in the 1990s indicated no further action was necessary at NALF Fentress.
However, in May 2012, the USEPA issued the Third Unregulated Contaminant Monitoring Rule (UCMR3). The
UCMR3 required monitoring, between 2013 and 2015, for 30 substances of all large public water systems serving
more than 10,000 people, and 800 representative public water systems serving 10,000 or fewer people. Six PFAS
compounds were included in the UCMR3 contaminant list. Of these six PFAS, USEPA issued provisional health
advisory levels (PHAs) for only two, PFOA and PFOS. USEPA also published toxicity values for one other
contaminant, perfluorobutane sulfonic acid (PFBS). Navy releases of PFAS that affected public water supplies were
identified during UCMR3 monitoring. Consequently, the Navy issued a policy in October 2014, requiring on-base
drinking water sampling for PFOA and PFOS for bases where groundwater was used as drinking water and where
PFAS could have been released near the drinking water wells. Under this policy, all installations not previously
tested under UCMR3 that produce drinking water from on-installation sources and have an identified or
suspected PFAS release within approximately 1-mile upgradient from the drinking water source were required to
sample their finished drinking water by December 2015.

NALF Fentress was identified as requiring sampling based on the October 2014 policy because of the use of
potable production wells on-base and the installation’s use of aqueous film-forming foam, which is a known
source of PFAS. The initial round of Sl sampling was completed in December 2015, and involved groundwater
monitoring well installation; sampling of groundwater, drinking water, and wastewater at the facility; and
completion of basewide water level surveys in the Surficial/Columbia aquifer and Yorktown aquifer. Exceedances
of the PHAs were identified in samples collected from the on-base drinking water, groundwater, and wastewater.
Consequently, sampling of off-base private drinking water wells was initiated. A total of 59 off-base private
drinking water wells, located within 0.5 mile of the exceedances, were sampled during the first half of 2016
(February through May) with additional data collected at one well in 2017, and a subsequent sampling event
completed in 2018, which included resampling of 30 wells sampled in 2016, and 3 additional residential wells for a
total of 62 private wells sampled by 2018.

In May 2016, USEPA Office of Water also issued a drinking water Lifetime Health Advisory for PFOA and PFOS.
Lifetime Health Advisories are not enforceable, regulatory levels. The Lifetime Health Advisory was set at a level
that would provide Americans, including the most sensitive populations, with a margin of protection from a
lifetime of exposure to PFOA and PFOS from drinking water. The Lifetime Health Advisory is 70 ng/L for PFOA and
70 ng/L for PFOS. When both PFOA and PFOS are found in drinking water, the combined concentrations of PFOA
and PFOS are compared with the 70 ng/L health advisory level.

The Sl identified total PFOA and/or PFOS concentrations at levels greater than the Lifetime Health Advisory (70
ng/L) in groundwater samples from the on-base sources shown on Figure 2-2, including the Fentress Landfill (Site
14), Former Firefighter Training Area (Site 17), the aqueous film-forming foam storage area near an existing
petroleum site (Underground Storage Tank 20B), a crash truck test area, and at secondary sources areas
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associated with releases from untreated groundwater and wastewater (irrigation spray fields and areas where
PFAS contaminated water was sprayed).

During the SI, the combined influent from the two on-base water supply wells and the finished water from the
WTP were sampled in December 2015 and May 2016 for PFAS. The influent sample was collected from a storage
tank containing influent that had not yet entered the treatment system, which is fed by the two on-base water
supply wells, resulting in a combined influent sample from the two wells. The results, as shown on Table 2-1,
indicated that combined influent stream, along with the finished water stream, had detections of total PFOA
and/or PFOS at concentrations above the Lifetime Health Advisory (70 ng/L). The location of the groundwater
supply wells and the WTP are shown on Figure 2-2. The on-base water treatment system is used to supply both
potable water supply for personnel at the base and the fire protection system for the base. At the time of the SI,
the fire protection system was sourced directly from the raw water groundwater supply wells, prior to treatment.
The existing water system (without upgrades added to address PFOA and PFOS) has been online since 1995. Based
on the results of the SI, which indicated that the effluent from the on-base potable water system had total PFOA
and/or PFOS exceeding the Lifetime Health Advisory, the finished water was designated as non-potable by the
Navy in January 2016. The Navy implemented bottled water service for on-base personnel, until a permanent
solution could be implemented. A bottled water supply was initiated on the base in January 2016, following the
receipt of results from the December 2015 sampling event.

Of the 59 off-base private drinking water wells sampled as part of the Slin 2016 in the vicinity of NALF Fentress

7 wells, located on 6 privately owned properties, had detections of total PFOA and/or PFOS at concentrations
above the Lifetime Health Advisory (70 ng/L). In February 2018, a subsequent sampling event was performed,
which included an additional round of sampling at 30 of the wells tested in 2016, and 3 additional private drinking
water wells not previously sampled. The private drinking water wells sampled during the 2018 event were
included based on positive verification from the property owner that they would like to have their well sampled. A
total of 63 off-base private drinking water wells were sampled between 2016 and 2018. The results of the 2018
event confirmed the findings of the 2016 sampling event at the 30 properties sampled during both events, with
the exception of OF-RW63. OF-RW63 had total PFOA and/or PFOS at concentrations greater than the Lifetime
Health Advisory in 2016, and less than the Lifetime Health Advisory in 2018. For the purposes of this EE/CA, OF-
RW63 is included as one of the seven contaminated private drinking water wells. The three additional wells
sampled during the 2018 event only did not exceed the Lifetime Health Advisory for total PFOA and/or PFOS.

The contaminated off-base private drinking water wells are located on properties to the north of NALF Fentress
and are mainly residential. The existing off-base property owners use private water supply wells to extract
groundwater for potable and non-potable use. Within the six off-base properties, there are nine private drinking
water wells, seven of which exceeded the Lifetime Health Advisory. One property has four wells onsite, two of
which have PFOA and/or PFOS concentrations that exceed the Lifetime Health Advisory, and two of which have
PFOA and/or PFOS concentrations that are less than the Lifetime Health Advisory. The remaining properties have
one well each, with a total PFOA and/or PFOS concentration exceeding the Lifetime Health Advisory.

The results of the Sl are summarized in the Basewide Per- and Polyfluoroalkyl! Substances Site Inspection Report
(CH2M, 2018).

2.2.2 Emergency Response Action

Based on the findings of the March 2016 off-base potable water well sampling, an emergency response action was
implemented from March through May 2016. Under the emergency response action, bottled water was provided
to the users of drinking water at the six affected properties. Since that time, bottled water has been, and
continues to be, provided to off-base users of drinking water until a long-term solution is implemented to provide
drinking water with concentrations of total PFOA and/or PFOS below the Lifetime Health Advisory. The bottled
water being provided is used mainly for drinking and cooking purposes.

In addition to providing bottled water to off-base drinking water receptors, public information meeting sessions
were held in February, March, and June of 2016 to provide the public with the opportunity to discuss questions
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and concerns associated with the PFOA and PFOS. The meetings were attended by the Navy, USEPA, the City of
Chesapeake, the VDEQ, the Virginia Department of Health (VDH), the City of Chesapeake Department of Health,
and the Agency for Toxic Substances and Disease Registry.

The emergency response actions are detailed in the Emergency Response Action Memorandum Site 17, Former
Fire-Fighting Training Area (Navy, 2017a).

2.2.3  Granular Activated Carbon Installation — On-base Water Treatment System

Based on exceedances of the Lifetime Health Advisory for total PFOA and/or PFOS in the effluent on the on-base
potable water treatment system, action was taken to upgrade the system to treat total PFOA and/or PFOS at
concentrations greater than the Lifetime Health Advisory. Based on the evaluation conducted in April 2016, GAC
was considered to provide the best value for addressing PFAS at the on-base potable water treatment system
because it is readily available, reasonably well demonstrated for PFOA and PFOS treatment, and relatively
inexpensive to install (CH2M, 2016). Based on the selection to implement GAC treatment, a Preliminary
Engineering Report for Potable Water System Improvements (CH2M, 2017c) was developed to document the
design of the GAC treatment system prior to implementation and was approved by the VDH on February 2, 2017
(VDH, 2017).

The existing water treatment system (prior to modifications to treat total PFOA and/or PFOS) consisted of two
groundwater wells, a fire protection system with a dedicated distribution, a WTP, and a potable water distribution
system. The two groundwater wells are screened in the Yorktown aquifer and provide untreated source water for
the Fire Protection System. The existing water system has been online since 1995. The existing major unit
processes/equipment associated with the water system are shown on Figure 2-3, and include wells, fire
protection storage and distribution, raw water storage, pumps (service, backwash, and fire protection), green
sand filters, hydropneumatics tank, softeners, chemical feed, and potable water distribution.

Prior to installation of the GAC systems, NALF Fentress performed GAC bench tests for the on-base wastewater
and WTP effluent to determine the most effective GAC medium to remove PFOA and PFOS. The results of the
bench test concluded that the most effective GAC medium for removing PFOA and PFOS from the on-base
drinking water effluent was Calgon FILTRASORB 600 (F600) (CH2M, 2017a).

As documented in the Preliminary Engineering Report for Potable Water System improvements (CH2M, 2017c),
the existing WTP was upgraded to include two GAC vessels, operated in a lead-lag configuration, as shown on
Figure 2-3. The WTP system was upgraded in 2017 and brought online in November 2017. The GAC vessels were
installed at the effluent of the green sand filters and discharge into the hydropneumatic tank. In order to allow for
sufficient footprint for the GAC vessels to be installed, the water softeners were removed from the treatment
train. The GAC vessels were sized to handle 17 gallons per minute (gpm) and include 1,300 pounds of Calgon F600
in each vessel. The improvements also included modifications to the Fire Protection System, including the
installation of a new water line from the hydropneumatic tank (treated water) to the fire protection tank. The
upgrades to the system were sized to handle 7,875 gallons per day (gpd) (5.4 gpm), which includes a 2.25 peaking
factor on the average demand for potable water at the site (3,500 gpd). The WPT system upgrades were approved
by the City of Chesapeake in February 2018, at which time the base quit providing bottled water to on base
personnel.

Since start-up in November 2017, the GAC has effectively treated PFOA and/or PFOS in the on-base potable water
system to below the Lifetime Health Advisory, and has reduced concentrations of other PFAS, for which no
Lifetime Health Advisories have been established by USEPA. Influent, intermediate, and effluent concentrations
from the GAC system are included in Table 2-1. Since the WTP system was upgraded to include the GAC system in
November 2017, total PFOA and/or PFAS has been reduced in the system effluent to below the Lifetime Health
Advisory and was non-detect during the December 2017 and February 2018 sampling. During the February 2018
sampling event, influent concentrations also decreased significantly, as compared to previous sampling events.
This fluctuation in influent concentration is believed to be a result of the cycled operation of the two raw water
pumps, and influent concentrations may be influenced by which well is pumping at the time of sampling. Because
of the limited time of operation, a change-out frequency has not been established for the WTP GAC units.
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However, the GAC units will be changed out when the total PFOA and/or PFOS concentrations in the intermediate
sample exceed the Lifetime Health Advisory (70 ng/L). The GAC units were designed for a minimum of 100 days
before change-out would be required (CH2M, 2017c). Since the GAC system was installed, one additional PFAS
compound, perfluorohexane sulfonic acid (PFHxS), has been detected in the effluent of the WTP GAC system;
however, no Lifetime Health Advisory has been established for this compound.

2.24  Point of Entry Granular Activated Carbon Pilot Test — Off-base Properties

Following implementation of the emergency response action for off-base drinking water, a pilot test was
implemented that consisted of the installation and operation of point of entry (POE) GAC systems at the seven
contaminated wells located on six off-base properties.

Six off-base drinking water pilot systems were installed between May and June 2017, and the final off-base
drinking water pilot system was installed in March 2018. Prior to installation, each off-base property was
assessed, and the current system layout, along with existing groundwater quality, was documented. Each POE
GAC system was installed downstream from the existing pressure tank, and water was routed through a
25-micrometer cartridge pre-filter, flowmeter, two GAC vessels, into existing water softening systems (if present),
through an ultraviolet (UV) disinfection system, and back into existing plumbing (Figure 2-4). The GAC used for the
pilot test was the Calgon F600, based on the results of the on-base bench test results (CH2M, 2017a). Details of
the pilot test installation are included in the Pilot Test Work Plan: Granular Activated Carbon System Installation
on Residential Drinking Water Systems to Remove PFOA and PFOS (CH2M, 2017b).

Influent, intermediate, and effluent concentrations from the pilot test are included in Table 2-2. To date, the pilot
systems have effectively treated PFOA and/or PFOS in the off-base drinking water to below the Lifetime Health
Advisory, and also have reduced concentrations of other PFAS, for which no Lifetime Health Advisories have been
established by USEPA. No data are currently available for the pilot system installed in March 2018, and the
discussion below includes only the six pilot systems installed in 2017.

A project indicator limit (PIL) of half the Lifetime Health Advisory (35 ng/L) at the intermediate sample was set to
determine the GAC change-out schedule for the pilot systems. During the first 9 months of operation of the pilot
study, complete breakthrough occurred in one system, OF-RW59, within 3 months of the system being brought
online, with an effluent concentration of 69.1 ng/L in September 2017. The GAC was changed out in October
2017; however, the bypass valve was left open through December 2017, and during this time, effluent
concentrations exceeded the Lifetime Health Advisory. During the February 2018 event, OF-RW59 had an effluent
concentration less than the Lifetime Health Advisory (66.2 ng/L); however, the intermediate concentration was
above the PIL (260.9 ng/L), and a GAC change-out was conducted on May 18, 2018. One additional system, OF-
RW44, exceeded the PIL in the intermediate sample during December 2017 (38.8 ng/L), and remained elevated
during the February 2018 event (21 ng/L); therefore, a change-out was conducted on May 18, 2018, which was
within 7 months of the system being brought online.

Intermediate concentrations at three of the pilot systems have been non-detect since the pilot systems were
installed. At OF-RW42B, the intermediate concentrations exceeded the PIL during the December 2017 event
(51.6 ng/L); however, the February 2018 sample results were less than the detection limit; therefore, a GAC
change-out was not conducted at that time. Effluent concentrations from May and June 2017 through

February 2018 have been non-detect at five of the pilot systems, indicating that the pilot systems are effectively
treating PFOA and/or PFOS.

Six other PFAS compounds, perfluoroheptanoic acid (PFHpA), perfluorohexane sulfonic acid (PFHxS),
perfluorohexanoic acid (PFHxA), perfluorononanoic acid (PFNA), perfluorotridecanoic acid, and PFBS, have been
detected in the intermediate samples of the pilot systems. Additionally, PFHpA, PFHxS, and PFHxA, have been
detected in the effluent of the OF-RW59 and OF-RW42C (PFHxS only) pilot systems; however, no Lifetime Health
Advisories have been established for these compounds.

After 9 months of system operations, four pilot systems have not shown exceedance of the PIL at the midpoint or
breakthrough at the effluent. OF-RW44 required change-out 7 months after the system was brought online, based
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on exceedance of the PIL in the intermediate sample. OF-RW59 required GAC change-out within 3 months of the
system being brought online, and required an additional change-out approximately 9 months after being brought
online. OF-RW59 has seen more frequent change-out than the other six pilot studies, most likely because of poor
water quality, which is characterized by elevated iron, elevated total dissolved solids (TDS) hardness, and
potential presence of microbial growth. Based on the pilot systems operation and GAC change-out schedule, it is
assumed for the purposes of this EE/CA that GAC change-outs will average once per year for all systems, except
OF-RW59, which is assumed to have a quarterly change-out frequency.

2.3 Conceptual Site Model

A remedial investigation has not been completed for PFAS at NALF Fentress; therefore, the conceptual site model
has not been fully developed. For the purposes of this EE/CA, the discussion of a conceptual site model will focus

on information pertaining to the on-base potable water system and the off-base private drinking water wells with
exceedances of the Lifetime Health Advisory.

23.1 Geology

The affected geology in the area consists of two main geological units, the Columbia Group and Chesapeake
Group. The sediments of the Columbia Group comprise the surface materials and consist of interbedded gravels,
sands, silts, and clays. In the vicinity of NALF Fentress, the thickness of these sediments is less than 30 feet, and
typically the depth to groundwater is relatively shallow, less than 10 feet below ground surface (bgs). As a result,
an unconfined aquifer, the Surficial/Columbia aquifer, with a saturated thickness of approximately 20 feet, is
present in the sediments.

Underlying the Surficial/Columbia aquifer is the Yorktown aquifer, which makes up the uppermost portion of the
Chesapeake Group. Regionally, a layer of silt and clay separates the Yorktown aquifer from the sediments of the
Surficial/Columbia aquifer. This clay layer has been designated as the Yorktown confining unit. The Yorktown
confining unit was identified as being a layer of olive-gray clay and silty clay, 8 to 15 feet thick, which was
encountered at approximately 30 feet bgs. The Yorktown aquifer was encountered at approximately 45 feet bgs,
directly beneath the Yorktown confining unit. The aquifer consists primarily of gray, very fine to medium sand,
and in some cases, coarse sand and gravel. In the northern and eastern portions of the facility, the Yorktown
confining unit contains higher percentages of silt and clay, which may allow for a hydraulic connection between
the Surficial/Columbia and Yorktown aquifers.

2.3.2 Hydrogeology

Surficial/Columbia aquifer groundwater is generally within 3 to 10 feet of the land surface. Aquifer conditions are
unconfined in the Surficial/Columbia aquifer and semi-confined to confined within the upper Yorktown aquifer.
Preferential pathways from the Surficial aquifer to the Yorktown aquifer are present at NALF Fentress through
conduits created during drilling of numerous production wells, which were not installed with double casing and
possibly through the confining unit where high levels of sand and silt are mixed with the clay.

On NALF Fentress, groundwater flow in the Surficial/Columbia aquifer is to the north, northeast, east, and
southeast from the approximate location of the original runway, with a higher component of flow to the
northeast. Yorktown aquifer flow is toward the east. A downward vertical gradient exists between the
Surficial/Columbia and Yorktown aquifers. No groundwater flow information is available for the properties with
Lifetime Health Advisory exceedances; however, flow is presumed to be toward the Intercoastal Waterway, which
lies to the north and east.

The measured hydraulic conductivity for the Surficial/Columbia aquifer on-base ranged from 1.45 x 1073 to
1.14 x 10 feet per minute, and the calculated groundwater velocity is estimated to be 0.0468 foot per day, or
approximately 17.07 feet per year.
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The measured hydraulic conductivity for the Yorktown aquifer on base ranged from 4.99 x 103 to 3.70 x 102 feet
per minute, and the calculated groundwater velocity is estimated to be 0.0778 foot per day, or approximately
28.38 feet per year.

Capacity testing was likely conducted during installation to confirm the ability of the wells to deliver water
sufficient to meet demands and meet the requirements to obtain a Waterworks Operating Permit from VDH.
CH2M could not locate the data or results from any testing; however, to date, the wells have met the Base’s
potable or training supply needs. To date, the Navy has not completed aquifer testing of the off-base private
drinking water wells, and slug test and/or pump test data for these wells are not available. The two on-base
potable water supply wells are screened within the Yorktown aquifer. Well depths are unknown at five of the six
off-base properties with exceedances of PFOA and/or PFOS exceeding the Lifetime Health Advisory. The depth of
one PFOA- and/or PFOS-contaminated potable well is 130 feet, and the well is screened within the Yorktown
aquifer.

2.3.3 Affected Media—On-base

The two on-base potable water supply wells are screened within the Yorktown aquifer, which is encountered at
approximately 45 feet bgs and may extend to a depth of approximately 300 feet bgs.

Based on the Preliminary Engineering Report for Potable Water System Improvements (CH2M, 2017c) the average
day demand for the potable water at the on-base potable water system is 3,500 gpd, which includes supply for
both the potable water system and the fire supply system. The design of new Navy water systems is subject to the
guidance set by the Unified Facilities Criteria (UFC) developed by the Department of Defense (Water System
Design, UFC 3-230-01, Section 2-1.1). According to the document, the new systems need to provide enough
capacity defined as maximum day demand, which includes a peaking factor of 2.25 (Peaking factors [K
Coefficients]), UFC 3-230-03 Table 3-2). The maximum daily demand for the on-base system is assumed to be
7,875 gpd, using a peaking factor of 2.25. More recently (January through March 2018), the average daily use of
water is approximately 185 gpd. The maximum daily demand used for the design of the GAC system (7,875 gpd)
will be assumed for purposes of this EE/CA.

Samples were collected at the combined influent and effluent of the on-base potable water system in May 2016,
to assess potential geochemical impacts on the GAC system. The results are included in the Preliminary
Engineering Report for Potable Water System improvements (CH2M, 2017c). Geochemical results of the sampling
showed the influent stream had low total organic carbon (TOC) (2.1 milligrams per liter [mg/L]), elevated TDS
(130 mg/L) and total suspended solids (TSS) (156 mg/L), and elevated hardness (87.8 mg/L as calcium carbonate
[CaCO0s]) and alkalinity (80 mg/L as CaCOs). The effluent stream also had low TOC (1.7 mg/L), elevated TDS

(156 mg/L), reduced TSS as compared to the influent (67 mg/L), and elevated hardness (71.8 mg/L as CaCOs) and
alkalinity (94.7 mg/L as CaCOs). Metals detected in the influent included calcium (19.4 mg/L), iron (69.2 mg/L),
magnesium (3.69 mg/L), and manganese (0.495 mg/L). Concentrations of metals decrease in the effluent as
compared to the influent, including calcium (16.1 mg/L), iron (31.4 mg/L), magnesium (2.95 mg/L), and
manganese (0.138 mg/L).

2.3.4 Affected Media — Off-base

Although the construction details for six of the seven off-base private drinking water wells of interest in this EE/CA
are unknown, other private drinking water wells in the area are recorded at total depths ranging from 60 to

130 feet bgs. One off-base private drinking water well exceeding the Lifetime Health Advisory is screened from
120 to 130 feet bgs. Based on these depths, the off-base private drinking water wells are most likely screened
within the Yorktown aquifer, which is encountered at approximately 45 feet bgs and may extend to a depth of
approximately 300 feet bgs. The daily usage rate for the GAC treatment systems varies from 25 to 349 (gpd), with
an average usage of 135 gpd. The systems are operated with pressure storage tanks; hence, usage rates are not
necessarily representative of groundwater pumping rates from the off-base private drinking water wells.
Information is not available for the groundwater pumping rates.
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Drinking water samples were collected by the GAC provider (Culligan) at the six private drinking water wells,
located on five properties with signed access agreements, prior to installation of the GAC systems, in order to
assess potential geochemical impacts on the GAC systems. The geochemical results are summarized in Table 2-3.
Geochemical results of the sampling showed that pH in the drinking water ranged from 5 to 6.5. TDS ranged from
52 to 320 mg/L, with TDS from hardness ranging from 34 to 103 mg/L. Iron concentrations in the water ranged
from 0 to 9 mg/L. An odor test at four of the six off-base properties indicated that hydrogen sulfide may be
present.

Following installation of the pilot systems, geochemical parameters, including standard water chemistry field
measurements (turbidity, pH, specific conductivity, temperature, and hardness), have been collected from the
effluent of the pilot treatment systems (Table 2-2). Results of the samples show that pH ranges from 5.1 to 7.0,
turbidity is below 5 nephelometric turbidity units, specific conductivity ranges from 0.1 to 1.5 millisiemens per
centimeter, temperature ranges from 13.1 to 23.8 degrees Celsius, and hardness ranges from 3 to 86 mg/L.

2.3.5 Nature and Extent of Contamination

Concentrations of total PFOA and/or PFOS in the influent to the on-base potable water treatment system range
from non-detect (February 2018) to 7,100 ng/L (May 2016). This fluctuation in influent concentration is believed
to be a result of the cycled operation of the two raw water pumps, and influent concentrations may be influenced
by which well is pumping at the time of sampling. The ratio of PFOS to PFOA ranges from 1.8 to 0.2, indicating that
the combined concentrations of PFOA and PFOS are not dominated by one of the two contaminants. In addition
to PFOA and/or PFOS detections, PFBS, PFHpA, PFHXS, PFNA, PFHxA, and nonadecafluorodecanoic acid have been
detected in the influent. Of these, only PFHXS has been detected in the effluent to the WTP, both prior to and
after the GAC system was installed. No USEPA health advisory limits are set for the six additional PFAS, and of
these, PFHXS is the most prevalent at the site, with concentrations ranging from 1.8 to 1,000 ng/L in the influent.

Current concentrations of total PFOA and/or PFOS in the six contaminated off-base private drinking water wells
for which access was granted in 2017 ranged from 60.7 to 870 ng/L in February 2018 (Table 2-2). The affected
properties are located to the north of NALF Fentress, along Mt. Pleasant Road. Geographically, the affected
properties are surrounded by undeveloped area, wells that have total PFOA and/or PFOS results below the
Lifetime Health Advisory, and/or the NALF Fentress property boundary. The ratio of PFOS to PFOA ranges from

11 to 0.04, indicating that the combined concentrations of PFOA and PFOS are not dominated by one of the two
contaminants. In addition to PFOA and/or PFOS detections, PFBS, PFHpA, PFHxS, PFNA, and PFHxA were detected.
No USEPA health advisory limits are set for the five additional PFAS, and of these, PFHXS is the most prevalent at
the site, with concentrations ranging from 8.5 to 672 ng/L in February 2018.

2.4 Risk Assessment Summary

To date, only a screening-level risk assessment has been performed, in accordance with current Navy policy on
PFAS (NAVFAC, 2017). This screening-level risk assessment identified potential risks resulting from exceedances of
the regional screening level (RSL) values (calculated using the RSL calculator for PFOA and PFOS). The results of
the screening-level risk assessment identified PFOA and PFOS as contaminants of potential concern in drinking
water for the on-base and off-base private drinking water wells (CH2M, 2018). Based on the screening-level risk
assessment, current receptors include base workers and residents (child and adult) through ingestion of
groundwater used as drinking water, contaminated with total PFOA and/or PFOS at concentrations greater than
the RSLs. The screening-level risk assessment uses RSLs rather than the Lifetime Health Advisory, in accordance
with risk screening guidance (Navy, 2000). However, the RSL is less conservative than the Lifetime Health
Advisory; therefore, no additional off-base parcels would be identified as posing potential risk based on the
screening-level risk assessment beyond those already identified during a comparison to the Lifetime Health
Advisory.

Although future receptors were not considered for the scope of this EE/CA, future land use at the off-base
properties is zoned for light residential and conservation, as stated in Moving Forward -City of Chesapeake 2035
Comprehensive Plan (Chesapeake, 2016b). Additionally, groundwater will continue to be used as a drinking water
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source for on-base workers and individuals at off-base private properties unless measures are taken to provide an
alternate water supply.

Additionally, this EE/CA only addresses human exposure to PFOA and PFOS in off-base drinking water; other
exposure pathways will be evaluated and addressed, as necessary, as part of other actions.

2.5 Development for Cleanup Goal

To meet the RAO, a preliminary remediation goal (PRG) for total PFOA and/or PFOS was established for the off-
base private drinking water wells. The PRG is to reduce receptor exposure to PFOA and/or PFOS to a cumulative
concentration of less than the Lifetime Health Advisory of 70 ng/L through treatment or provision of an
alternative water supply. The PRG is based on the current exposure scenario and the Lifetime Health Advisory
established by USEPA.

2.6 Determination of Removal Action Area

The on-base impacts discussed in this EE/CA include the potable water treatment system, with the two on-base
supply wells and the treatment system, as shown on Figure 2-2. The contaminated off-base private drinking water
wells are located on properties to the north of NALF Fentress, which are mainly residential and encompass 19.5
acres. The removal action area is the contaminated private drinking water well systems present at the six off-base
private properties, and the on-base potable water treatment system. The average daily use for an individual
private drinking water system is 135 gallons, and the calculated daily maximum use for an individual well is 350
gallons, based on monthly flow data. The average daily use for the on-base potable water treatment system,
including a 2.25 peaking factor, is 7,875 gpd (5.4 gpm), as stated in the Preliminary Engineering Report for Potable
Water System Improvements (CH2M, 2017c).
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Table 2-1. On-base Potable Water Data
Engineering Evaluation and Cost Analysis for
Drinking Water

NALF Fentress, Chesapeake, Virginia

Sample Location USEPA Lifetime Health Influent Intermediate Effluent

Sample ID Ald?li;r:rey e OF-INF01-1215" OF-INF01-0516 OF-WT-INFO1-113017 | OF-INFO1-WT-121517 | OF-INFO1-WT-021418 OF-WT-MID01-113017 OF-MID01-WT-121517 OF-MID01-WT-021418 || OF-EFF01-1215" OF-EFF01-0516 | OF-WT-EFF01-113017" | OF-EFFO1-WT-121517' | OF-EFFO1-WT-021418"
Sample Date 12/30/15 5/10/16 11/30/17 12/15/17 2/14/18 11/30/17 12/15/17 2/14/18 12/30/15 5/10/16 11/30/17 12/15/17 2/14/18
Semivolatile Organic Compounds (NG/L)

Perfluorobutanesulfonic acid (PFBS) - 12 35 J- 56.3 62.6 53U 9.01U 8.38 U 521U 49 25 J- 851U 852 U 5.17 U
Perfluoroheptanoic acid (PFHpA) - 10 98 78.0 63.8 53U 9.01U 8.38 U 521U 53 64 851U 852 U 5.17 U
Perfluorohexanesulfonic acid (PFHxS) - 260 1000 J- 915 954 1.8 1B 9.01 U 8.38 U 2B 630 850 J- 8.51 U 8.52 U 218
Perfluorononanoic acid (PFNA) - 1.8 38 U 4.42) 6.33 ) 53U 9.01 U 8.38 U 521U 4.2 38 U 8.51 U 8.44 U 5.17 U
Perfluorooctane Sulfonate (PFOS) 70 540 1800 1250 1450 53U 9.01 U 141 5.21 U 1000 1200 J- 1.73 ) 8.44 U 5.17 U
Perfluorooctanoic acid (PFOA) 70 300 5300 3690 3000 53U 9.01U 8.38 U 521U 1800 3700 0.923 ) 8.44 U 5.17 U
Total PFOS + PFOA* 70 840 7100 4940 4450 53U 9.01U 141 521U 2800 4900 1.73 ) 8.44 U 5.17 U
PFHXA - NS NS 309 NS 53U 9.01 U NS 521U NS NS 8.51 U NS 5.17 U
PFDA - NS NS 4.95 ) NS 53U 9.01 U NS 521U NS NS 851U NS 517 U
MeFOSAA - NS NS 872 U NS 53U 9.01U NS 521U NS NS 851U NS 5.17 U
PFUNA - NS NS 8.72 U NS 53U 9.01U NS 521U NS NS 851U NS 5.17 U
EtFOSAA - NS NS 8.72 U NS 53U 9.01 U NS 521U NS NS 8.51 U NS 5.17 U
PFDoA -- NS NS 872U NS 53U 9.01 U NS 521U NS NS 8.51 U NS 517U
PFTrDA -- NS NS 872 U NS 53U 9.01 U NS 521U NS NS 851U NS 517 U
PFTeDA - NS NS 8.72 U NS 53 U 9.01 U NS 521U NS NS 8.51 U NS 5.17 U
Notes:

* In cases when both PFOS and PFOA are non-detect, non-detect values are added together to equal Total PFOS + PFOA. In cases when a detect and non-detect of PFOS and PFOA exist, only the detect value is used to determine Total PFOS + PFOA.

1 - The higher results of the parent and duplicate sample is reported.

Bolded text indicates analyte was positively detected.

Shaded text indicates exceedance of the USEPA Lifetime Health Advisory (May 2016).
J- - Analyte present. Value may be biased low. Value may be higher

J - Analyte present. Value may or may not be accurate or precise

J+ - Analyte present. Value may be biased high. Actual value may be lower

NG/L - Nanograms per liter

NS - Not sampled

U - The material was analyzed for, but not detected
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Table 2-2. GAC Pilot Study Data
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW63

ISample Date 5/17/2017 6/26/2017 8/3/2017 9/8/2017 10/12/2017 11/16/2017 12/15/2017 2/15/2018

[Sample Location Influent Intermediate  Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic C ds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 5.58 U 543 U 5.17 U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 5.58 U 543 U 517 U
Perfluorobutanesulfonic acid (PFBS) 3.54) 410U 413 U 3.56 J 5.08 U 5.08 U 3.151) 5.17 U 5.63 U 3.99) 5.25U 5.58 U 3.37) 539U 5.48 U 3.41) 5.68 U 534U 4.77 ) 543U 5.48 U 4.7 ) 543 U 517 U
Perfluoroheptanoic acid (PFHpA) 2.53) 2.05U 2.07 U 2.75) 5.08 U 5.08 U 2931 5.17 U 5.63 U 2.75) 5.25 U 5.58 U 1.64 ) 539U 5.48 U 2,551 5.68 U 534U 2.60J 543U 548 U 3.28) 543 U 517U
Perfluorohexanesulfonic acid (PFHxS) 16.8 2.05U 2.07 U 16.4 1.18 ) 5.08 U 13.9 5.17 U 5.63 U 6.99 525U 5.58 U 11.2 539U 5.48 U 14.6 5.68 U 534U 11.5 543U 548 U 8.54 ) 5.43 U 517U
Perfluorononanoic acid (PFNA) 2.08 U 2.05U 2.07 U 521U 5.08 U 5.08 U 553U 5.17 U 5.63 U 525U 525U 5.58 U 539U 539U 5.48 U 5.00 U 568U 534U 525U 543U 548 U 5.58 U 543U 517 U
Perfluorooctane Sulfonate (PFOS) 41.6 0.922 U 0.930 U 44.1 5.08 U 5.08 U 34.5 5.17 U 5.63 U 324 2.01) 5.58 U 34.8 539U 5.48 U 40.4 5.68 U 534U 53.9 543U 548 U 38.6 543 U 5.17 U
Perfluorooctanoic acid (PFOA) 18.9 2.05U 2.07 U 20.2 8.08 U 5.08 U 223 5.17 U 5.63 U 19.7 5.25 U 5.58 U 14.8 539U 5.48 U 24.3 5.68 U 534U 22.9 543U 548 U 22.1 543 U 517U
Total PFOA/PFOA 60.5 2.972U 3.000 U 64.3 13.16 U 10.16 U 56.8 10.34 U 11.26 U 52.1 7.26) 11.16 U 49.6 10.78 U 10.96 U 64.7 1136 U 10.68 U 76.8 10.86 U 10.96 U 60.7 109 U 103U
Nonadecafluorodecanoic acid (PFDA) 5.58 U 5.43 U 5.17 U
Perfluorododecanoic acid (PFDoA) 5.58 U 5.43 U 5.17 U
Perfluorohexanoic acid (PFHxA) 5.58 U 5.43 U 5.17 U
Perfluorotetradecanoic acid (PFTeDA) 5.58 U 5.43 U 5.17 U
Perfluorotridecanoic Acid (PFTrDA) 5.58 U 1.09 ) 5.17 U
Perfluoroundecanoic acid (PFUnA) 5.58 U 5.43 U 5.17 U
Field Parameters

Turbidity (NTU) 3.0 3.0 0.0 - -- -- 0.0 0.6
pH 6.39 6.39 5.05 5.24 4.99 -- 5.07 4.69
Specific Conductivity (ms/cm) 0.164 0.164 0.166 0.164 0.162 - 0.168 0.158
Temperature (°C) 19.19 19.19 20.41 20.29 21.6 - 18.7 18.0
Hardness (mg/L) - 34.2 34.2 34.2 34.2 34.2 51.3 17.1
Flow

Flow Meter Reading (gal) 0.0 6,099.7 10,970.5 14,977.1 19,591.0 23,908.6 28,390.9 38,569.4
Incremental Volume (gal) 0.0 - 4,870.9 4,006.5 4,613.9 4,317.6 4,482.3 10,178.5
Calculated Daily Flow Rate (gal per day) 0.0 152.5 128.2 111.3 135.7 123.4 154.6 164.2
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Table 2-2. GAC Pilot Study Data

Engineering Evaluation and Cost Analysis for Drinking Water

NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW44

Sample Date 5/17/2017 6/26/2017 8/3/2017 9/8/2017 10/12/2017 11/16/2017 12/15/2017 2/15/2018°

ISample Location Influent Intermediate = Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic Compounds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 543 U 5.17 U 534U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 543 U 5.17 U 534U
Perfluorobutanesulfonic acid (PFBS) 11.9 413U 427 U 11.5 517 U 534U 9.94 521U 521U 7.71) 534U 530U 15.9 548 U 5.58 U 10.7 517U 6.01 U 11.9 539U 517U 8.46 ) 517 U 534U
Perfluoroheptanoic acid (PFHpA) 12.2 207U 214U 10.5 517U 534U 9.83 521U 521U 10.4 534U 530U 14.5 548 U 5.58 U 10.2 517U 6.01 U 11.5 539U 517U 8.85 0.771) 534U
Perfluorohexanesulfonic acid (PFHxS) 294 207U 214U 325 517 U 1.24) 251 521U 521U 260 534U 530U 423 548 U 5.58 U 274 517U 6.01 U 294 8.88 517U 293 3.37) 534U
Perfluorononanoic acid (PFNA) 2.75 207U 214U 525U 517 U 534U 2.03) 521U 521U 16 534U 530U 3.53) 548 U 5.58 U 2.99 ) 517U 6.01 U 3.26J 539U 517U 3.41) 517 U 534U
Perfluorooctane Sulfonate (PFOS) 818 0930 U 0962 U 528 517 U 534U 826 0.921) 521U 816 534U 530U 993 548 U 5.58 U 983 517U 6.01 U 963 23.7 517U 640 11.1 534U
Perfluorooctanoic acid (PFOA) 307 207U 214U 293 517 U 534U 317 521U 521U 246 534U 530U 329 548 U 5.58 U 305 517 U 6.01 U 300 15.1 517U 230 9.9 534U
Total PFOA/PFOA 1125 3.000U 3.102U 821 10.34 U 10.68 U 1143 0.921) 1042 U 1062 10.68 U 10.60 U 1322 10.96 U 11.16 U 1288 10.34 U 12.02 U 1263 38.8 10.34 U 870 21 10.68 U
Nonadecafluorodecanoic acid (PFDA) 543U 5.17 U 534U
Perfluorododecanoic acid (PFDoA) 543 U 5.17 U 534U
Perfluorohexanoic acid (PFHxA) 23.5 5.17 U 534U
Perfluorotetradecanoic acid (PFTeDA) 543U 5.17 U 534U
Perfluorotridecanoic Acid (PFTrDA) 543 U 5.17 U 534U
Perfluoroundecanoic acid (PFUnA) 543U 517 U 534U
Field Parameters

Turbidity (NTU) 3.1 3.1 0.0 - - - 1.7 0.5
pH 6.35 6.35 5.48 5.71 5.60 - 5.60 5.61
Specific Conductivity (ms/cm) 0.264 0.264 0.271 0.258 0.273 - 0.269 0.253
ITemperature ("C) 19.7 19.7 23.8 23.0 239 - 14.9 134
Hardness (mg/L) - 34.2 34.2 34.2 34.2 34.2 34.2 32.4
Flow

Flow Meter Reading (gal) 0.0 3,201.8 5,488.1 8,135.6 11,318.3 13,326.0 16,701.4 20,484.0
Incremental Volume (gal) 0.0 3,201.8 2,286.4 2,647.5 3,182.7 2,007.6 3,375.4 3,782.6
Calculated Daily Flow Rate (gal per day) 0.0 80.0 60.2 73.5 93.6 57.4 116.4 61.0
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Table 2-2. GAC Pilot Study Data
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW42B

ISample Date 5/25/2017 6/26/2017 8/3/2017 9/8/2017 10/12/2017 11/16/2017 12/15/2017 2/15/2018

[Sample Location Influent Intermediate  Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic Compounds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 539U 539U 5.17 U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 539U 539U 517 U
Perfluorobutanesulfonic acid (PFBS) 52.8 413 U 397 U 61.6 5.04 U 521U 61.1 5.48 U 5.63 U 51.1 5.48 U 539U 52.1 5.68 U 6.26 U 67.8 543U 4.84 U 61.0 7.631) 530U 54.5 539U 5.17 U
Perfluoroheptanoic acid (PFHpA) 15.8 2.07 U 198 U 15.2 5.04 U 521U 14.2 5.48 U 5.63 U 17.6 5.48 U 539U 16.6 5.68 U 6.26 U 17.0 543U 4.84 U 19.1 2.88) 530U 16.2 539U 517 U
Perfluorohexanesulfonic acid (PFHxS) 581 2.07 U 198 U 695 5.04 U 1.151) 628 1.56 J 5.63 U 619 1.74) 539U 594 5.68 U 6.26 U 666 114 4.84 U 631 66.8 530U 672 2.07 JB 517 U
Perfluorononanoic acid (PFNA) 221U 207U 198 U 5.17 U 5.04 U 521U 5.68 5.48 U 5.63 U 5.48 U 5.48 U 539U 6.33 U 5.68 U 6.26 U 512U 543U 4.84 U 5.43 U 5.251) 530U 539U 539U 517U
Perfluorooctane Sulfonate (PFOS) 11.0 0.930 U 0.893 U 16.5 5.04 U 521U 8.97 ) 5.48 U 5.63 U 10.9 5.48 U 539U 12.1 5.68 U 6.26 U 11.8 543U 4.84 U 14.5 1.94) 530U 9.17 539U 517 U
Perfluorooctanoic acid (PFOA) 253 207U 198 U 247 5.04 U 521U 244 5.48 U 5.63 U 208 5.48 U 539U 220 5.68 U 6.26 U 270 4.66 J 4.84 U 301 49.7 530U 228 539U 5.17 U
Total PFOA/PFOA 264.0 3.000U 2873U 263.5 10.08 U 10.42 U 252.97 10.96 U 11.26 U 218.9 10.96 U 10.78 U 232.1 1136 U 1252 U 281.8 4.66 J 9.68 U 315.5 51.64 10.60 U 237.17 10.78 U 1034 U
Nonadecafluorodecanoic acid (PFDA) - 539U 5.39 U 5.17 U
Perfluorododecanoic acid (PFDoA) 539U 5.39 U 5.17 U
Perfluorohexanoic acid (PFHxA) 122 5.39 U 5.17 U
Perfluorotetradecanoic acid (PFTeDA) 539U 5.39 U 5.17 U
Perfluorotridecanoic Acid (PFTrDA) 539U 5.39 U 5.17 U
Perfluoroundecanoic acid (PFUnA) 5.39 U 5.39 U 5.17 U
Field Parameters

Turbidity (NTU) - 42 0.2 - - - 0.0 0.2
pH - 6.54 6.12 6.37 6.30 -- 6.39 16.70
Specific Conductivity (ms/cm) - 1.546 0.835 0.734 0.775 -- 0.647 0.720
Temperature (°C) - 19.0 20.8 20.2 21.2 -- 13.1 16.7
Hardness (mg/L) 56 68.4 51.3 51.3 34.2 51.3 51.3 51.3
Flow

Flow Meter Reading (gal) 0.0 6,164.1 19,307.2 24,895.2 30,880.3 36,739.3 46,667.7 58,062.0
Incremental Volume (gal) 0.0 6,164.1 13,143.1 5,588.0 5,985.1 5,859.0 9,928.4 11,394.3
Calculated Daily Flow Rate (gal per day) 0.0 192.6 345.9 155.2 176.0 167.4 342.4 183.8
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Table 2-2. GAC Pilot Study Data

Engineering Evaluation and Cost Analysis for Drinking Water

NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW42C

ISample Date 5/25/2017 6/26/2017 8/3/2017 9/8/2017 10/12/2017 11/16/2017 12/15/2017 2/15/2018

[Sample Location Influent Intermediate  Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic Compounds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 517 U 5.17 U 5.25 U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 517 U 5.17 U 525U
Perfluorobutanesulfonic acid (PFBS) 19.0 4.03 U 391U 20.6 5.12 U 5.00 U 17.6 525U 543U 18.4) 5.30 U 5.48 U 18.5 5.53 U 534U 18.4 525U 521U 23.6 543U 525U 18.5 517 U 5.25U
Perfluoroheptanoic acid (PFHpA) 6.13J 2.02U 195U 5.62 ) 5.12 U 5.00 U 5.88J 525U 543U 3.60 J 5.30 U 5.48 U 6.21) 5.53 U 534U 5.97 ) 525U 521U 6.61) 543U 525U 5.98 J 517U 525U
Perfluorohexanesulfonic acid (PFHxS) 254 2.02U 195U 286 512U 5.00 U 256 525U 543U 318 5.30 U 5.48 U 252 1.17) 1.06 J 276 525U 521U 253 543U 525U 226 B 517 U 1.75 JB
Perfluorononanoic acid (PFNA) 1.24) 2.02U 195U 5.04 U 512U 5.00 U 5.25 525U 543U 5.58 U 5.30 U 5.48 U 1.11) 5.53 U 5.34 U 5.08 U 525U 521U 5.30 U 543U 525U 517U 5.17 U 525U
Perfluorooctane Sulfonate (PFOS) 25.8 0.907 U 0.879 U 33.5 5.12 U 5.00 U 15.8 525U 543U 32.2 5.30 U 5.48 U 26.4 5.53 U 534 U 29.1 525U 521U 36.0 543U 525U 26.2 517U 5.25U
Perfluorooctanoic acid (PFOA) 98.6 2.02U 195U 86.5 5.12 U 5.00 U 88.4 525U 543U 88.6 5.30 U 5.48 U 93.0 5.53 U 534U 91.7 525U 521U 103 543U 525U 81.8 517U 5.25 U
Total PFOA/PFOA 124.4 2927U 2829 U 120 10.24 U 10.00 U 104.2 10.5 U 10.86 U 120.8 10.60 U 10.96 U 119.4 11.06 U 10.68 U 120.8 105U 10.42 U 139 10.86 U 105U 108 1034 U 105U
Nonadecafluorodecanoic acid (PFDA) 5.17 U 5.17 U 5.25 U
Perfluorododecanoic acid (PFDoA) 5.17 U 5.17 U 5.25 U
Perfluorohexanoic acid (PFHxA) 22 5.17 U 5.25 U
Perfluorotetradecanoic acid (PFTeDA) 5.17 U 5.17 U 5.25 U
Perfluorotridecanoic Acid (PFTrDA) 5.17 U 5.17 U 5.25 U
Perfluoroundecanoic acid (PFUnA) 5.17 U 5.17 U 5.25 U
Field Parameters

Turbidity (NTU) - 2.1 0.2 - - - 0.1 0.2
pH - 5.43 5.57 5.66 5.77 - 5.67 5.72
Specific Conductivity (ms/cm) - 0.206 0.125 0.130 0.115 -- 0.127 0.121
Temperature (°C) - 16.6 18.7 18.0 19.3 -- 17.9 15.9
Hardness (mg/L) 24 51.3 34.2 34.2 51.3 34.2 34.2 32.4
Flow

Flow Meter Reading (gal) 0.0 2,392.9 4,009.0 5,799.3 7,634.6 8,519.6 13,100.5 18,323.6
Incremental Volume (gal) 0.0 2,392.9 1,616.1 1,790.2 1,835.3 885.0 4,580.9 5,223.1
Calculated Daily Flow Rate (gal per day) 0.0 74.8 42.5 49.7 54.0 25.3 158.0 84.2
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Table 2-2. GAC Pilot Study Data

Engineering Evaluation and Cost Analysis for Drinking Water

NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW59

ISample Date 6/26/2017 8/3/2017 9/8/2017° 10/12/2017° 11/16/2017° 12/15/2017 2/15/2018°

ISample Location Influent Intermediate  Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic Compounds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 5.43 U 521U 512U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 5.43 U 521U 512U
Perfluorobutanesulfonic acid (PFBS) 11.6 5.08 U 512U 9.79 9.34 5.58 U 9.06 J 4.39) 548 U 8.64 ) 7.86) 9.35 9.24 10.2 11.7 6.92 ) 521U 543U 9.84 5.6) 512U
Perfluoroheptanoic acid (PFHpA) 4.00 ) 5.08 U 512U 4.83 ) 4.27 ) 5.58 U 4.11) 2.34) 548 U 3.27) 3.23) 3.45) 4.53 ) 5.10) 4.79 ) 3.54) 521U 543U 4.66 J 2.84) 0.892 )
Perfluorohexanesulfonic acid (PFHxS) 293 1.84) 512U 277 264 5.58 U 260 154 323 220 237 254 284 239 285 227 521U 543U 272 167 29.5
Perfluorononanoic acid (PFNA) 517 U 5.08 U 512U 553U 543U 5.58 U 543U 530U 548 U 5.63 U 539U 5.68 U 530U 5.04 U 534U 543U 521U 543U 543 U 521U 512U
Perfluorooctane Sulfonate (PFOS) 521 5.72) 512U 406 354 5.58 U 497 250 61.6 346 350 362 430 506 473 419 521U 543U 432 220 59.2
Perfluorooctanoic acid (PFOA) 67.0 5.08 U 512U 80.4 69.2 5.58 U 72.9 34.4 7.51 59.5 64.0 62.9 74.4 65.2 79.1 60.7 521U 543U 59.9 40.9 7.01)
Total PFOA/PFOA 588 5.72) 10.24 U 486.4 423.2 11.16 U 569.9 284.4 69.11 405.5 414 424.9 504.4 571.2 552.1 479.7 1042 U 10.86 U 491.9 260.9 66.21
Nonadecafluorodecanoic acid (PFDA) 5.43 U 521U 512U
Perfluorododecanoic acid (PFDoA) 5.43 U 521U 512U
Perfluorohexanoic acid (PFHxA) 25.6 17.8 3.09J
Perfluorotetradecanoic acid (PFTeDA) 543 U 521U 512U
Perfluorotridecanoic Acid (PFTrDA) 543 U 521U 512U
Perfluoroundecanoic acid (PFUnA) 5.43 U 521U 512 U
Field Parameters

Turbidity (NTU) 5.1 0.7 - - - 0.0 0.5
pH 6.91 6.46 7.00 7.03 - 7.00 6.70
Specific Conductivity (ms/cm) 0.469 0.259 0.293 0.252 -- 0.246 0.257
Temperature (°C) 19.7 21.2 19.1 21.7 -- 15.1 14.4
Hardness (mg/L) 3 NA* NA* NA* NA* NA* 0.5
Flow

Flow Meter Reading (gal) 0.0 8,572.8 15,222.4 20,428.9 24,833.4 31,636.6 43,554.7
Incremental Volume (gal) 0.0 8,572.8 6,649.6 5,206.5 4,404.5 6,803.1 11,918.1
Calculated Daily Flow Rate (gal per day) 0.0 225.6 184.7 153.1 125.8 234.6 192.2
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Table 2-2. GAC Pilot Study Data

Engineering Evaluation and Cost Analysis for Drinking Water

NALF Fentress, Chesapeake, Virginia

[Station ID OF-RW08

ISample Date 6/26/2017 8/3/2017 9/8/2017 10/12/2017 11/16/2017 12/15/2017 2/15/2018

[Sample Location Influent Intermediate  Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent Influent Intermediate Effluent
ISemivolatile Organic Compounds (ng/L)

Ethyl perfluorooctanesulfonamide acid (EtFOSAA) 512U 573 U 5.08 U
Methylperfuorooctanesulfonamido acid (MeFOSAA) 5.12 U 573 U 5.08 U
Perfluorobutanesulfonic acid (PFBS) 3.86 J 534U 5.17 U 3.00 J 534U 539U 3.8 5.48 U 5.53 U 3.71) 5.34 U 5.25U 4.11) 525U 5.58 U 3.731) 534U 525U 5.37 ) 573U 5.08 U
Perfluoroheptanoic acid (PFHpA) 1.43) 534U 5.17 U 1.87) 534U 539U 1.28 ) 5.48 U 5.53 U 1.47) 534 U 525U 1.80J 525U 5.58 U 1.88 J 534U 525U 236 573U 5.08 U
Perfluorohexanesulfonic acid (PFHxS) 39.9 534U 517U 35.1 534U 539U 31.8 5.48 U 5.53 U 32.8 5.34 U 525U 34.4 525U 5.58 U 33.6 534U 525U 44.8 573U 5.08 U
Perfluorononanoic acid (PFNA) 53U 534U 517U 517U 534U 539U 543U 5.48 U 5.53 U 5.68 U 5.34 U 525U 539U 525U 5.58 U 5.43 U 534U 525U 512U 573 U 5.08 U
Perfluorooctane Sulfonate (PFOS) 148 534U 517U 125 534U 539U 160 548 U 5.53 U 118 5.34 U 5.25U 168 525U 5.58 U 164 534U 525U 149 573 U 5.08 U
Perfluorooctanoic acid (PFOA) 7.05 ) 534U 5.17 U 9.74 534 U 539U 8.12 ) 5.48 U 5.53 U 8.64 ) 5.34 U 5.25U 11.5 525U 5.58 U 8.10J 534U 525U 13.4 573U 5.08 U
Total PFOA/PFOA 155.05 1068 U 10.34 U 134.74 10.68 U 10.78 U 168.12 10.96 U 11.06 U 126.64 10.68 U 105U 179.5 105U 1116 U 172.1 10.68 U 105U 162.4 11.46 U 10.16 U
Nonadecafluorodecanoic acid (PFDA) 5.12 U 573 U 5.08 U
Perfluorododecanoic acid (PFDoA) 5.12 U 573 U 5.08 U
Perfluorohexanoic acid (PFHxA) 6.95 ) 573 U 5.08 U
Perfluorotetradecanoic acid (PFTeDA) 5.12 U 573 U 5.08 U
Perfluorotridecanoic Acid (PFTrDA) 5.12 U 573 U 5.08 U
Perfluoroundecanoic acid (PFUnA) 5.12 U 573 U 5.08 U
Field Parameters

Turbidity (NTU) 3.9 0.6 - - - 0.0 0.14

pH 6.05 5.26 5.46 5.63 - 5.09 5.20
ISpecific Conductivity (ms/cm) 0.356 0.217 0.308 0.213 -- 0.111 0.239
Temperature (°C) 19.4 19.1 19.4 20.9 -- 16.9 17.4
Hardness (mg/L) 68.4 85.5 85.5 85.5 85.5 68.4 68.4
Flow

Flow Meter Reading (gal) 0.0 4,712.5 8,765.8 12,531.6 16,360.7 19,573.1 26,486.8
Incremental Volume (gal) 0.0 4,712.5 4,053.2 3,765.9 3,829.0 3,212.4 6,913.7
Calculated Daily Flow Rate (gal per day) 0.0 124.0 112.6 110.8 109.4 110.8 111.5

Notes:
Bolded text indicates analyte was positively detected.

Shaded text indicates exceedance of the USEPA Lifetime

Health Advisory (May 2016).
NA* = Water too soft; could not titrate with field kit

a The GAC was changed out of OF-RW59 in October 2017,
after which the bypass valve was not closed, thus influent
was not being treated through the GAC vessels. The bypass

valve was closed prior to the December 2017 sampling
event.

b GAC change out is scheduled for May 2018 at OF-RW44

and OF-RW59 based on results of the February 2018
sampling event.
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Table 2-3. Pre-pilot Study Water Geochemistry Data
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

Station ID OF-RW08 OF-RW63 OF-RW59 | OF-RW44 OF-RW42C OF-RW42B
Sample Date 5/1/2017

Water Chemistry

Hardness (GPG) 4 2 6 2 2 5

Iron (ppm) 0 0 7.8 5.6 6.6 9

pH 5 6 6.5 6.5 6 6.5
TDS (ppm) 73 74 107 102 52 320
TDS from Hardness (ppm) 69 34 103 34 35 86
Unknown TDS (ppm) 4 40 4 68 17 234
Hydrogen Sulfide Smell Test Negative Negative Positive Positive Positive Positive
IRB, SRB, SFB No visible evidence | No visible evidence | Visible Evidence | No visible evidence | No visible evidence No visible evidence

GPG = grains per gram

ppm = parts per million

IRB = Iron Related Bacteria
SRB = Sulfate Related Bacteria
SFB = Slime Forming Bacteria
Note: Source of data: Culligan
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SECTION 3

|dentification of Objectives

3.1 Statutory Limits on Removal Actions

The NCP, 40 CFR Part 300.415, dictates statutory limits of $2 million and a 12-month duration for USEPA
fund-financed removal actions, with statutory exemptions for emergencies and actions consistent with the
removal action to be taken. However, this removal action will not be USEPA fund-financed. The Department of the
Navy Environmental Restoration Program Manual (Navy, 2018) does not limit the cost or duration of removal
actions; cost-effectiveness is a recommended criterion for the evaluation of removal action alternatives and is
discussed in Sections 4 and 5.

3.2 Removal Action Objective and Scope

3.2.1 Removal Action Objective

The RAO in this EE/CA will address only current human receptors ingesting contaminated groundwater used as
drinking water at levels above the Lifetime Health Advisory. Therefore, the RAO only applies to the on-base
drinking water system and the seven private drinking water wells located on the six privately owned properties.

The RAO is as follows:

e Protect current human health receptors from ingestion of PFOA and/or PFOS at levels above the Lifetime
Health Advisory in groundwater used as drinking water.

In order to meet the RAQ, the following PRG was established:

e Reduce receptor exposure to PFOA and/or PFOS to a cumulative concentration of less than the Lifetime
Health Advisory of 70 ng/L through treatment or provision of an alternative water supply.

The PRG was established based on the Lifetime Health Advisory since there are currently there are no Safe
Drinking Water Act (SDWA) federal regulations or Clean Water Act Ambient Water Quality Human Health Criteria
for any PFAS. For contaminants not subject to any national primary drinking water regulation the SDWA
authorizes USEPA to publish non-regulatory Lifetime Health Advisories or take other appropriate actions. These
Lifetime Health Advisories are created to assist state and local officials in evaluating risks from these contaminants
in drinking water. In May of 2016, the USEPA issued a Lifetime Health Advisory for two PFAS, specifically PFOA and
PFOS. The USEPA Lifetime Health Advisory only applies to PFOA and PFOS; USEPA does not advocate applying
these levels to any other PFAS. Additionally, no applicable or relevant and appropriate requirements (ARARs)
currently exist from either the USEPA or the Commonwealth of Virginia for PFAS compounds.

3.2.2 Removal Action Scope

This EE/CA is intended to address current receptor exposure to PFOA and PFOS in drinking water for the on-base
potable water system and off-base private drinking water wells near NALF Fentress. Additional action may be
necessary to address PFAS contamination in groundwater, soil, surface water, and sediment within and around
the installation; however, impacts on groundwater, soil, surface water, and sediment are not included in this
removal action scope.

Removal action alternatives were scoped and developed to meet the RAO listed above. A preliminary screening of
potential alternatives was performed, prior to selecting alternatives for the EE/CA. The preliminary screening of
alternatives is included in Table 3-1. The scope of the engineering measures for each removal alternative is
defined in this section.

1. No Further Action: No further action would be conducted; the site would remain “as is.” Thus, bottled water
would continue to be provided to off-base drinking water receptors whose drinking water has tested above
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the Lifetime Health Advisory, and the pilot GAC systems currently installed at each off-base property would be
taken off-line. The GAC system would continue to be operated at the on-base potable water treatment
system.

Point of Entry Treatment: This action alternative would address PFOA and PFOS impacts at the on-base
potable water treatment system before the finished potable water supply is stored for distribution to the
base. This alternative would also address PFOA and/or PFOS at each individual private property with drinking
water contaminant concentrations greater than the Lifetime Health Advisory before the potable water supply
enters the distribution piping for the house. The following three treatment technologies are being considered
under this alternative:

a. GAC Treatment — This action would include the installation or continued maintenance of GAC vessels,
implemented in series, for PFOA and/or PFOS removal. For the on-base system, this alternative would be
the same as the No Further Action Alternative because the on-base GAC system is already fully functional.
For the off-base systems, the GAC vessels would be implemented in coordination with the pilot study,
where possible.

b. lon Exchange (IX) Treatment — Installation of IX vessels for PFOA and/or PFOS removal. The on-base
treatment system would include four IX vessels operated in series, while the off-base drinking water
treatment systems would include two IX vessels, operated in series.

c. Reverse Osmosis (RO) Treatment — Installation of RO membranes for PFOA and/or PFOS removal. The on-
base treatment system would include four treatment trains, each with two RO membranes in series,
implemented in parallel, while off-base drinking water treatment systems would include two RO
membranes implemented in series.

Connection to City Water: This action alternative would address PFOA and/or PFOS impacts by providing the
base, and each privately owned property with concentrations greater than the Lifetime Health Advisory,
access to City water by extending the City water main to north of NALF Fentress base. Service lines from the
water main would be installed to each of the privately-owned buildings with drinking water concentrations
greater than the Lifetime Health Advisory and to the on-base potable water distribution system.

3.3 Determination of Removal Schedule

This EE/CA will be made available for a 30-day public comment period. Notice of its availability for public review,
along with a summary of the EE/CA, will be published in the Virginian Pilot newspaper and in the Virginian Pilot
insert specific to Chesapeake (The Clipper). The public comment period will be scheduled following approval of
the EE/CA. A public information session will be held if sufficient interest is expressed by the public, and will take
place during or immediately following the public comment period. If public comments are received during the
public comment period, a Responsiveness Summary documenting the Navy’s responses to significant comments
will be prepared and included in the Action Memorandum, which will be placed in the Administrative Record for
NALF Fentress.

Because this removal action has been designated as non-time-critical, the start date of the removal action will be
determined by factors other than the immediate urgency of the threat. Possible factors include weather,
availability of resources, and site constraints. The total project period is anticipated to last 16 months from the
beginning of the public comment period to completion of the associated construction completion documentation.
Critical milestone periods for the removal action are as follows:

3-2

EE/CA public comment period—30 days
Subcontracting, work plan, and mobilization—3 months

Removal action—0 week (for Alternative 1 and 2a), 3 months (for Alternatives 2b and 2c), or 8 months (for
Alternative 3)

CERCLA documentation—4 months
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SECTION 3—IDENTIFICATION OF OBJECTIVES

3.4 Applicable or Relevant and Appropriate Requirements

The removal action will, to the extent practicable, comply with applicable or relevant and appropriate
requirements (ARARs) under federal and state environmental laws, as described in 40 CFR 300.415. As outlined by
40 CFR 300.415(j), the lead agency may consider the urgency of the situation and the scope of the removal action
to be conducted in determining whether compliance with ARARs is practicable.

Applicable requirements are cleanup standards, standards of control, and other substantive environmental
protection requirements, criteria, or limits promulgated under federal or state environmental or facility siting laws
that specifically address a hazardous substance, pollutant, contaminant, removal action, location, or other
circumstance. Relevant and appropriate requirements are cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limits promulgated under federal or state law
that, although not applicable to a hazardous substance, a pollutant, a contaminant, a removal action, or other
circumstances at a CERCLA site, address problems or situations sufficiently similar to those encountered at the
CERCLA site so that their use is well suited to the particular site. Other federal and state advisories, criteria, or
guidance, such as risk assessment calculations, will be considered as needed in formulating the removal action;
however, these are neither promulgated nor enforceable and, therefore, are not ARARs. The ARARs have been
reviewed by the Navy, as the lead agent, and those that are approved are listed in Appendix A.

Three classifications of ARARs are defined by USEPA: chemical-specific, location-specific, and action-specific.

e Chemical-specific ARARs are promulgated and enforceable standards for specific chemicals that establish
concentrations of contaminants for a given medium. These standards are established as ARARs when they
have a direct effect on the implementation of a removal action. Promulgated and enforceable standards were
reviewed, and no federal or Virginia chemical-specific ARARs have been identified for the removal alternatives
proposed for the on-base drinking water system and off-base private properties (Appendix A, Tables A-1 and
A-2).

e Location-specific ARARs are promulgated and enforceable standards that restrict removal activities and
media concentrations based on the characteristics of the surrounding environment. Location-specific ARARs
may include restrictions on removal actions within wetlands or coastal areas, near locations of known
endangered species, or within protected waterways. Federal and Virginia location-specific ARARs have been
identified for the on-base drinking water system and off-base private properties (Appendix A, Tables A-3 and
A-4).

e Action-specific ARARs are promulgated and enforceable standards that govern activities that will be
performed during the response actions, such as waste management, dust control, and erosion control.
Federal and Virginia action-specific ARARs have been identified for on-base drinking water system and off-
base private properties (Appendix A, Tables A-5 and A-6).

3.5 General Disposal Requirements

Waste disposal procedures implemented for the removal action will be in accordance with the state and federal
laws and regulations that govern offsite disposal. For the purposes of this EE/CA, the cost estimates were based
on the assumption that treatment media were used, and PFAS-contaminated groundwater will be characterized
as nonhazardous, PFAS-containing. Soils excavated under Alternative 3, connection to city water, are assumed to
be uncontaminated by PFAS, and for cost estimating purposes are assumed to be characterized as nonhazardous.
Waste characterization testing will be conducted in accordance with the requirements of state and federal
regulations. In accordance with Navy recommendations for NALF Fentress, PFAS-contaminated materials,
including aqueous waste and treatment media, will be disposed of through incineration at a state-permitted
disposal facility, or another appropriate method that is approved by the Navy. Used GAC material may be taken
offsite for regeneration and reactivation, based on approval by the Navy. Nonhazardous waste, including PFAS-
contaminated soils, will be disposed of in a state-permitted disposal facility that is approved by the Navy, and is
permitted to accept CERCLA waste (Navy, 2017b).
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3.6 City of Chesapeake Considerations

During development of the EE/CA, Moving Forward -City of Chesapeake 2035 Comprehensive Plan (Chesapeake,
2016b), was taken into consideration for the development of alternatives. The major components of the 2035
Comprehensive Plan that were taken into consideration were future zoning requirements near NALF Fentress and
public works planning. The 2035 Comprehensive Plan lays out future zoning for the properties surrounding NALF
Fentress as low-density residential and conservation. This zoning indicates that future use near NALF Fentress is
anticipated to remain similar to current land use. For the purposes of this EE/CA, the land use considerations
were taken into account when assessing effectiveness and implementation of each alternative over a 30-year
timeframe, and to assess the flexibility of the alternatives to treat additional drinking water wells on other off-
base properties, as needed, if plume migration occurs.

The 2035 Comprehensive Plan does not highlight extension of public utilities to the remedial action area;
however, based on initial conversations with the City of Chesapeake, they have an interest in extending a water
main down Mt. Pleasant Road. Based on the current public utilities planning documents, the water main, if
extended, would need to be at a minimum 16-inches in diameter. The Code of Ordinances, City of Chesapeake
(Chesapeake, 1994) specifies in Section 78-62, that all extensions for water lines must be constructed pursuant to
the city master plan. Based on this evaluation, Alternative 3, connection to city water, must be compliant with the
current public utilities planning documents; therefore, the water line would need to meet the minimum
requirement of 16-inches in diameter.

Additionally, during development of Alternative 3, City of Chesapeake planning codes, specifically the Chesapeake
Public Facilities Manual Volume | (Chesapeake, 2016a), were taken into consideration, including the
implementation of service valves and fire hydrants. The Chesapeake Public Facilities Manual specifies that the
spacing of fire hydrants be based on fire flow and defers to the public utilities department on the spacing of
service valves.

The 2035 Comprehensive Plan was taken into consideration for the other alternatives as well, in that the
treatment clean up timeframe is not determined by a plan to connect the off-base properties to the public water
system.

3-4 AX0622180728VBO



Table 3-1 - Removal Alternatives Screening
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

General Response Action

Remedial Technology

Process Options

Description

Primary Screening

Retain | Reject Primary Screening Comments
Continued GAC for on-base
. Wellhead or Point of Entry |No further action to address contaminated drinking water. Bottled . . . . .
. water, continued bottled . . Retained for baseline comparison in the EE/CA and also retained because these steps have
No Further Action for on-base, bottled water |water would continue to be provided off-base and GAC treatment X . . »
water supply for off-base . . . . already been implemented at the site to mitigate the exposure pathway to PFAS.
water for off-base would continue on-base, as these interventions are already in progress.
Retained for use in conjunction with another alternative that would allow for supply of
. . . . water to off-base drinking water receptors and the base from areas outside of their
. . L LUCs are implemented for property within potentially contaminated . . o . . o
o Administrative Restrictions . . . . . properties. This action is not feasible as a standalone action because off-base drinking
Institutional Controls . . Land Use Controls (LUCs) areas to restrict property use, well installation, and other intrusive X . L
or Engineering Controls activities water receptors and the base require access to water for potable use. Complications may
) exist because the Navy does not own off-base properties and would require property
owner agreement to establish LUCs.
Water would be treated at the wellhead or point of entry using GAC.
) P y g This technology has been tested on the benchscale for NALF Fentress water and on the
GAC is a form of carbon processed to have small, low-volume pores that . . . )
. . . . . field scale at the on-base potable water system and off-base private properties with
. increase the surface area available for adsorption or chemical reactions. L .
Wellhead or Point of Entry . . X exceedances of the lifetime health advisory (L-HA). The technology has been shown to be
GAC is capable of adsorbing PFOA and PFOS. GAC can be regenerated . . o . . . ) .
. . . . effective during treatability testing. Disposal or regeneration of used GAC is required as
through thermal desorption, resulting in ultimate destruction of the . . . . ]
PEAS part of this technology. This technology is retained for further evaluation.
Disposal or regeneration of used GAC filters is required as part of this technology.
Additionally, while this treatment likely would be effective where implemented, if people
Granular Activated Carbon y . . Y ) P . peop
. . consumed water from multiple points of use, multiple systems would be required per
(GAC) Filtration - . .
household/building. Additionally, this approach would not prevent re-release of
Water would be treated at the point of use for potable purposes (under contaminants in water used for toilets, baths, and showers, because systems would not be
Point of Use kitchen sink) using GAC, which is capable of sorbing PFOA and PFOS. X |installed to address water used for those purposes, extending the time to achieve
Water Treatment Point of use GAC filters are readily available off-the-shelf. regulatory site closure because of the potential for untreated PFAS contaminated water to
(Ex Situ) enter the septic tank and migrate to the groundwater. Off-the-shelf systems could be
installed easily, but multiple GAC filters would be required to ensure protectiveness and off
the-shelf GAC systems do not allow for ease of monitoring for contaminant breakthrough.
For these reasons, this alternative was not retained.
Water would be treated at the well head or point of entry using ion
exchange. During ion exchange, resins loaded with non-toxic ions are
"exchanged" for PFAS constituents, allowing the PFAS to remain in the . . . L . . .
. ) . . Disposal or regeneration of ion exchange resins is a requirement for this option. However,
resin, while non-toxic ions are added to the water exiting the treatment . . . L .
. . " " . . field demonstrations of this technology have shown a 99.9998% reduction in contaminated
lon Exchange Wellhead or Point of Entry |process. lon exchange resins can be "regenerated" by flushing with a X

solvent/brine mixture thereby removing PFAS and replacing with more
desirable ions. The solvent is recovered for reuse by distillation, leaving
a highly concentrated brine solution that needs incineration or other
destructive treatment.

liquid volume. This technology has been shown to be effective for removal of PFAS
constituents; therefore, this treatment option has been retained for further evaluation.

Page 1 of 3




Table 3-1 - Removal Alternatives Screening
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

General Response Action

Remedial Technology

Process Options

Description

Primary Screening

Retain | Reject Primary Screening Comments
Disposal or regeneration of used ion exchange filters is required as part of this technology.
Additionally, while this treatment would likely be effective where implemented, if people
consumed water from multiple points of use, multiple systems would be required per
household or building. Additionally, this approach would not prevent re-release of
. contaminants in water used for toilets, baths, and showers, because systems would not be
. Water would be treated at the point of use for potable purposes (under . . . .
Point of Use . . o . X |installed to address water used for those purposes, extending the time to achieve
kitchen sink) using ion exchange, as described above . . . .
regulatory site closure due to the potential for untreated PFAS contaminated water to
enter the septic tank and migrate to the groundwater. Additionally, point of use ion
lon Exchange exchange filters are not commercially available and would need to be designed specifically
to support this project. For these reasons, this technology was not retained for further
evaluation.
lon exchange is an effective technology for removing PFAS constituents. However, building
a water treatment plant to support on-base and off-base drinking water receptors (a total
Water would be supplied from a centralized treatment plant built and . . P l:.>p . o g . P (
. . o of eight properties) has very high costs associated with it. The same effectivenss can be
Centralized Treatment Plant [maintained by the Navy. The treatment plant would utilize ion X - o . . . . .
. . . acheieved through individual POE systems, without incurring large capital costs. Supplying
Water Treatment exchange filtration, as described above. o . . . .
(Ex Situ) off-base drinking water receptors with water from on-base also is not typically advisable as
(con't) water supply is not within the Navy's mission.
. . Wastes from RO and nanofiltration would contain more concentrated levels of PFAS and
Water would be treated at the wellhead or point of entry using reverse . . . o
. . . . would require discharge through the septic leach field at each home/building, or
. osmosis or nanofiltration. For both of these technologies, a membrane . . . .
Wellhead or Point of Entry . . X containment and offsite disposal. However, this technology has been shown to be very
acts as a sieve, allowing PFAS-free water to flow through the . . . . . .
. . effective for removal of PFAS constituents with very little potential for treatment failure;
membrane, while contaminants do not flow through. . . . .
therefore, this treatment option has been retained for further evaluation.
Reverse Osmosis (RO) or While this treatment would be effective where implemented, if people consumed water
Nanofiltration from multiple points of use, multiple systems would be required per household or building.
Additionally, this approach would result in re-release of contaminants in water used for
Point of Use Water would be treated at the point of use for potable purposes (under " toilets, baths, and showers because systems would not be installed to address water used
kitchen sink) using RO or nanofiltration, as described above. for those purposes. Maintaining sufficient pressure and flow rates through point of use RO
systems also can be a challenge, requiring additional engineering and system features
(such as water storage tanks), which may add to the size of these systems in under sink
areas. For these reasons, this alternative was not retained.
Iniection of carbon to An injectable carbon, such as PlumeStop, would be added to the While commercially available products will reduce mobility, the PFAS plume at NALF
Water Treatment (in Situ) Injectable Carbon faJciIitate sorption subsurface to allow for sorption of PFAS onto the carbon, reducing X |Fentress is very large and treatment of all areas greater than the health advisory is not
P mobility. feasible or practicable.
Install Deeper Production . Install wells in a Deeper, . . . . The deepest potable aquifer (Yorktown) is contaminated. All deeper aquifers are brackish
Well Installation Wells would be installed in a deeper, unimpacted aquifer X

Wells

Unimpacted Aquifer

and not suitable for potable supply wells.

Page 2 of 3




Table 3-1 - Removal Alternatives Screening
Engineering Evaluation and Cost Analysis for Drinking Water
NALF Fentress, Chesapeake, Virginia

Primary Screening

General Response Action Remedial Technology Process Options Description
Retain | Reject Primary Screening Comments

As described above, GAC, RO, and ion echange are effective treatments. However, building
a water treatment plant to support on-base and off-base drinking water receptors (a total
X |of eight properties) has very high costs associated with it. The same effectivenss can be
achieved through individual POE systems, without incurring large capital costs. The City
statute also does not allow the Navy to be a water purveyor outside of Federal property.

Water would be supplied to both on- and off-base impacted properties

Centralized On-base . Centralized Treatment Plant [from a centralized treatment plant built on-Base and maintained by the
GAC, RO, or ion exchange - .

Treatment Plant located On-base Navy. The treatment plant would utilize GAC, RO, or ion exchange, as

described above.

As described above, GAC, RO, and ion echange are effective treatments. However, building
a water treatment plant to support on-base and off-base drinking water receptors (a total
Water would be supplied to both on- and off-base impacted properties P PP g P (

. . . . . of eight properties) has very high costs associated with it. The same effectivenss can be
Centralized Off-base . Centralized Treatment Plant [from a centralized treatment plant built off-Base and maintained by the . M . . . .
GAC, RO, or ion exchange X |achieved through individual POE systems, without incurring large capital costs.

located Off-base Navy. The treatment plant would utilize GAC, RO, or ion exchange, as . .
. Additionally, the Navy does not own property off-base on which to construct such a system
described above. . . .
and would have to purchase the property and then return it to the city because the City
statute also does not allow the Navy to be a water purveyor outside of Federal property.

Treatment Plant

Water Supply lines from the City of Chesapeake would be run from
along Mount Pleasant Road to NALF Fentress and the properties to the X
north of NALF Fentress.

While supplying an alternate water source would not result in reduction of toxicity,
mobility, or volume of contaminants, it would prevent exposure without uncertainty.

Extend water supply lines

Water Supply Li
ater -upply Lines from City of Chesapeake

Supplying clean bottled water to private drinking water receptors likely would be effective
where implemented; however, water can be consumed only from a single point of use in

Alternate Water Supply Bottled water would be supplied and delivered for potable purposes at . . . .
. . . o - o the building. this approach would not prevent re-release of contaminants in water used for
from Outside of Plume a single point of use (main sink) within the household/building. Bottled .
. . . . . . toilets, baths, and showers, because bottled water would not be used for those purposes,
Bottled Water Supply bottled water water is readily available for delivery to private drinking water X . . . ] .
receptors extending the time to achieve regulatory site closure due to the potential for untreated

PFAS contaminated water to enter the septic tank and migrate to the groundwater.
However, this alternative is being retained as part of the no further action alternative,
which takes into consideration current actions implemented at the site.
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SECTION 4

Description and Evaluation of Removal Action
Alternatives

The alternatives for this NTCRA were developed and evaluated using professional judgment based on information
from the SI, emergency removal actions, on-base potable water system upgrades, the POE GAC pilot study, and
experience with current scientific knowledge of potential treatment for PFAS at similar sites. Alternatives were
evaluated based on effectiveness, implementability, and cost.

4.1  Description of Removal Action Alternatives
4.1.1 Alternative 1: No Further Action

No further action would be conducted under this Alternative; the site would remain “as is.” Thus, bottled water
would continue to be provided to off-base drinking water receptors whose drinking water has tested above the
Lifetime Health Advisory, and the pilot GAC systems currently installed at each off-base property would be taken
off-line. The GAC system would continue to be operated at the on-base potable water treatment system.

Pre-implementation Activities

Because the GAC unit has already been implemented at the on-base potable water treatment system, and bottled
water does not require implementation activities, no pre-implementation activities are required under this
alternative.

Site Layout

The layout of the on-base potable water treatment system with the GAC units installed is depicted on Figure 2-3.
The GAC system consists of two 94-cubic-foot GAC vessels (1,300 pounds) plumbed in series with a lead and lag
setup. The GAC systems are installed downstream from the green sand filters and upstream from the
hydropneumatic tank and the fire protection storage tank.

For the purposes of this EE/CA, it is assumed that the treatment medium used in each GAC vessel is Calgon F-600
virgin coal-based activated carbon, which is currently used in the on-base potable water treatment system.
Optimization to select another medium would not be implemented as part of this alternative because it is being
implemented under No Further Action consideration. A sample port is installed on the piping between the two
GAC vessels and at the effluent of the lagging GAC vessel for the system.

There is no site layout information required for supplying bottled water to the off-base private residences or
buildings.

System Installation

Because the GAC treatment system has already been implemented, and there are no installation requirements for
supplying bottled water, no system installation activities are required under this alternative.

Operations and Maintenance

Under this alternative, system operations for the on-base water treatment system would include periodic
monitoring of the influent (prior to the lead vessel), intermediate (between the lead and lag vessels), and effluent
(after the lag vessel) for PFAS (using LC/MS-MS Compliant with QSM 5.1 Table B-15 or an approved alternative
method). Based on the recommendation in the Preliminary Engineering Report for Potable Water System
improvements (CH2M, 2017c), the GAC vessels will be sampled every 70,000 gallons, or approximately once every
2 weeks.
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System maintenance for the on-base water treatment system would include replacement of the GAC, as needed,
to maintain effective treatment. The GAC would be changed when the cumulative PFOA and/or PFOS
concentration in the intermediate sample (between the lead and lag vessels) exceeds 70 ng/L (the PRG), as
determined by system operations monitoring. Based on recommendation in the Preliminary Engineering Report
for Potable Water System improvements (CH2M, 2017c), the assumed timeframe for GAC change-out for the
purposes of this EE/CA is every 100 days, or approximately every 4 months. The GAC change-out schedule could
be more or less frequent than the assumptions used for costing in this EE/CA, based on the results of the system
operations monitoring. For the purposes of the EE/CA, it is assumed that the used GAC will be taken offsite for
regeneration. No other maintenance activities would be required for continued operation of the on-base GAC
treatment system.

Other maintenance activities would require bottled water supply to the six off-base private properties on a
monthly basis. Under this alternative the pilot GAC systems currently installed at the 7 off-base potable water
wells would not be operated or maintained. For the purposes of this EE/CA, demand required at each off-base
private property is assumed to remain consistent with what is currently being implemented.

The on-base GAC treatment system and off-base bottled water supply are anticipated to be run in perpetuity,
pending additional source treatment of PFAS on-base at NALF Fentress. Therefore, the assumed operating
timeframe for cost analysis purposes for this EE/CA is 30 years, to capture capital and long-term operations and
maintenance (O&M) costs.

4.1.2 Alternative 2a: Point of Entry Treatment — Granular Activation Carbon

This alternative is a POE alternative and addresses PFOA and PFOS impacts at the on-base potable water
treatment system before the finished potable water supply is stored for distribution to the base. This alternative
would also address PFOA and/or PFOS at each individual private property with drinking water contaminant
concentrations greater than the Lifetime Health Advisory before the potable water supply enters the distribution
piping for the house. This alternative would include the installation and/or continued maintenance of GAC vessels,
implemented in series, for PFOA and/or PFOS removal. For the on-base system, this alternative would be the
same as the No Further Action Alternative because the on-base GAC system is already fully functional. For the off-
base systems, the GAC vessels would be implemented in coordination with the pilot study, where possible.

GAC is a form of carbon processed to have small, low-volume pores that increase the surface area available for
adsorption. Given sufficient GAC media and surface area contact time for effective adsorption to occur, organic
contaminants are attracted into and retained within the GAC media. GAC is widely used in water treatment to
remove or adsorb organic molecules like PFOS and PFOA. GAC adsorption capacity depends on influent water
quality, and GAC'’s treatment effectiveness may be influenced by water temperature and pH, flow rates, contact
time, the type and concentrations of organic and inorganic substances present, and residual chlorine
concentrations present.

GAC media have a finite lifespan and contaminant adsorption capacity. Adsorption sites within the GAC media
progressively approach saturation as compounds are adsorbed, and the capacity for further adsorption declines.
The media bed is considered exhausted and consumed when contaminants targeted for removal “break through”
and are detected at or greater than a predetermined concentration in the effluent. Once this occurs, the
exhausted media must be removed and replaced. The exhausted media can be appropriately disposed of or
thermally regenerated offsite to remove adsorbed contaminants and restore adsorption capacity such that the
media can be reused.

GAC treatment is currently being piloted at the six off-base properties (seven wells) that are known to be
contaminated with PFOA and/or PFOS. GAC treatment has also been added to the existing on-base water
treatment system with approval from VDH. Under this alternative, the GAC treatment systems (on-base system
[currently operational] and off-base systems [currently being implemented as pilot tests]) would continue to
operate as implemented. Details are provided below regarding the general system layout and O&M; however, for
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cost estimating purposes, it is assumed that all installation costs have already been accounted for under previous
actions at the site.

Pre-implementation Activities

Because the GAC treatment systems have already been implemented full scale at the on-base potable water
treatment system and as part of the off-base pilot study, no pre-implementation activities are required under this
alternative.

Site Layout

The layout of the on-base potable water treatment system with the GAC units installed is depicted on Figure 2-3.
The GAC system consists of two 94-cubic-foot GAC vessels (1,300 pounds) plumbed in series with a lead and lag
setup. The GAC systems are installed downstream from the green sand filters and upstream from the
hydropneumatic tank and the fire protection storage tank.

The general layout of a pilot POE GAC treatment system for an off-base property is depicted on Figure 2-4;
however, the system configurations varied during installation to meet conditions present at each property. As
shown on Figure 2-4, each POE GAC system was either housed in its own treatment shed or installed within an
existing treatment shed, when possible. The POE GAC system was connected to the existing well, pump, and
pressurized water tank. Upstream from the GAC vessels, on the inlet piping, a ball valve, sample port,
25-micrometer sediment pre-filter, and a flow meter were installed. The GAC system consists of two 2-cubic-foot
GAC vessels plumbed in series, with a lead and lag setup. Downstream from the GAC vessels, the system includes
a ball valve and a UV disinfection unit, prior to connection with the main distribution piping to the house.

For the purposes of this EE/CA, it is assumed that the treatment medium used in each GAC vessel is Calgon F-600
virgin coal-based activated carbon, which is currently implemented under the pilot study and in the on-base
potable water treatment system. If selected as the preferred removal action, another medium may be selected as
part of optimization efforts, if additional data become available indicating that a change in medium is warranted.
A sample port is installed on the piping between the two GAC vessels and at the effluent of the lagging GAC vessel
at each system.

System Installation

Because the GAC systems have been installed full scale at the on-base potable water treatment system and as
part of the off-base pilot study, no system installation activities are required under this alternative.

Operations and Maintenance

Under this alternative, system operations would include periodic monitoring of the influent (prior to the lead
vessel), intermediate (between the lead and lag vessels), and effluent (after the lag vessel) for PFAS (using
LC/MS-MS Compliant with QSM 5.1 Table B-15 or an approved alternative method). For the purposes of this
EE/CA, it is assumed that off-base GAC sampling would occur on a quarterly basis for six of the seven GAC
systems. Based on the pilot study data, OF-RW59 requires more frequent GAC change-outs; therefore, it requires
more frequent sampling, which is assumed to be monthly for the purposes of this EE/CA. Based on the
recommendation in the Preliminary Engineering Report for Potable Water System Improvements (CH2M, 2017c),
the on-base potable water treatment system GAC vessels will be sampled every 70,000 gallons, or approximately
once every 2 weeks.

System maintenance would include replacement of the GAC, as needed, to maintain effective treatment. The GAC
in the on-base potable water treatment system would be changed when the cumulative PFOA and/or PFOS
concentration in the intermediate sample (between the lead and lag vessels) exceeds 70 ng/L (the PRG), as
determined by system operations monitoring. Based on recommendation in the Preliminary Engineering Report
for Potable Water System Improvements (CH2M, 2017c). The assumed timeframe for GAC change-out for the
purposes of this EE/CA is every 100 days, or approximately every 4 months. The GAC would be changed at the off-
base systems when the cumulative PFOA and/or PFOS concentration in the intermediate sample (between the
lead and lag vessels) exceeds a PIL of 35 ng/L (half of the PRG), as determined by system operations monitoring.
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Based on the results of the pilot study, the assumed timeframe for GAC change-out for the purposes of this EE/CA
is annually for six of the seven wells. Based on the pilot study data, the seventh GAC system, at OF-RW59, will
require more frequent GAC change-out, which is assumed to be quarterly for the purposes of this EE/CA.

The GAC change-out schedule would me more or less frequent than the assumptions used for costing in this
EE/CA, based on the results of the system operations monitoring. For the purposes of this EE/CA, it is assumed
that the used GAC will be taken offsite for regeneration. Other maintenance activities include semiannual change-
out of the pre-filter and annual maintenance on the UV units at the off-base property systems.

The POE GAC systems are anticipated to be run in perpetuity, pending additional source treatment of PFAS
on-base at NALF Fentress. Therefore, the assumed operating timeframe for cost analysis purposes for this EE/CA
is 30 years to capture capital and long-term O&M costs.

4.1.3 Alternative 2b: Point of Entry Treatment —lon Exchange

This alternative is a POE alternative and addresses PFOA and PFOS impacts at the on-base potable water
treatment system before the finished potable water supply is stored for distribution to the base. This alternative
would also address PFOA and/or PFOS at each individual private property with drinking water contaminant
concentrations greater than the Lifetime Health Advisory before the potable water supply enters the distribution
piping for the house. The alternative includes the installation of IX vessels for PFOA and/or PFOS removal. The on-
base treatment system would include four IX vessels operated in series, while the off-base drinking water systems
would include two IX vessels, operated in series.

IX is a treatment process that uses specialized resin media that exchange undesirable ions in water with benign
ions on the resin surface as a means to remove dissolved contaminants to produce a clean water product. The
resins used in IX processes include small plastic, porous beads with a fixed ionic charge that facilitates the
exchange of ions and associated contaminant removal. IX can involve cation exchange of positively charged ions,
and anion exchange of ions that are negatively charged. Treatment and removal of PFOS and PFOA via IX primarily
involves anion exchange. IX resins are somewhat selective, but their treatment effectiveness may be influenced by
water temperature and pH, flow rates, contact time, types and concentrations of organic and inorganic
substances present, and residual chlorine present. Specifically, for PFOS and PFOA removal using IX, water with
high concentrations of TDS, iron, other dissolved organics, sulfates, chlorides, and competing anions, as well as
potential foulants and scalants, can potentially hinder the treatment and IX performance of resins.

As ions are exchanged and contaminants are captured within IX resin media, the IX capacity of the resin declines,
eventually reaching a point at which the target compound for removal is detected at or greater than a
predetermined concentration in the effluent. Once the resin is spent, it must be removed, disposed of and
replaced, or chemically regenerated to restore its IX capacity such that it can be reused. Currently, resins available
for POE treatment of PFOS and PFOA are considered single use and must be removed and disposed of; they are
not viable for regeneration.

Details are provided below regarding the pre-implementation activities, general system layout, system
installation, and O&M.

Site Preparation

Prior to finalizing the design for the IX systems, a site visit would be required to evaluate the on-base potable
water system and the existing system layout for each off-base property. The site visits will include a drawing of
each existing system layout and potential installation space, and documentation of conversations with the on-
base potable water system operators, and owners of properties with private drinking water wells.

During the site visit, samples would be collected from the existing systems, upstream from any current treatment
for water quality parameters, assumed to include TDS, sulfate, nitrate, bicarbonate, chloride, TOC, free chlorine
TSS, and general water quality parameters (to be measured in the field), including temperature, pH, conductivity,
oxidation-reduction potential, and turbidity.

4-4 AX0622180728VBO



SECTION 4—DESCRIPTION AND EVALUATION OF REMOVAL ACTION ALTERNATIVES

The results of the water quality samples will be used to finalize system sizing and resin selection.

Site Layout

The general layouts of POE IX treatment systems are shown on Figure 4-1 (for the on-base potable water
treatment system) and Figure 4-2 (for the off-base properties); however, the system configurations will vary
during installation to meet conditions present at each property.

As shown on Figure 4-1, the on-base IX system will be housed within the existing treatment building. The IX
system will be connected to the existing treatment system, downstream from the green sand filters, and
upstream from the hydropneumatic tank and fire protection storage tank. The IX system would be implemented
in the same location as the existing GAC vessels, and the GAC vessels would be removed. All other parts of the
existing, upgraded water treatment system would be retained for use. The IX system will include four 1.5-cubic-
foot IX vessels plumbed in series, with a lead and lag setup, assuming a flow rate of 5 gpm, and an empty bed
contact time of 3 minutes.

As shown on Figure 4-2, each off-base POE IX system will be housed in its own treatment shed or installed within
an existing treatment shed, when possible. The POE IX system will be connected to the existing well, pump, and
pressurized water tank. Upstream from the IX vessels on the inlet piping, the existing ball valve, sample port,
25-micrometer sediment pre-filter, and a flow meter will be retained for use. The IX system will include two
1.5-cubic-foot IX vessels plumbed in series, with a lead and lag setup. Downstream from the IX vessels, the system
will retain the existing ball valve and a UV disinfection unit, prior to connection with the main distribution piping
to the house.

For the purposes of this EE/CA, it is assumed that the treatment medium used in each IX vessel is Purolite
PFAG94E single-use resin, which has been implemented successfully for removal of PFOA or PFAS at other sites. If
selected as the preferred removal action, the final full-scale treatment medium would be selected as part of the
design, and selection would take into consideration continuing developments of IX resins for PFAS treatment,
including multi-use resins for regeneration. A sample port will be installed on the piping between the two IX
vessels and at the effluent of the lagging IX vessel.

System Installation

System installation of the POE IX treatment systems would include upgrading the current on-base GAC system and
pilot POE GAC systems by replacing the GAC vessels with IX vessels. The IX vessels are smaller in size than the GAC
vessels, and therefore will fit into the existing treatment system layouts. The IX vessels will be installed in series,
with a lead and lag vessel, similar to the existing GAC vessels. Other components of the existing water treatment
system (on-base) and pilot POE GAC systems (off-base), including piping, ball valves, flow meters, sample ports,
and UV treatment system (off-base on